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ABSTRACT
The m orphology and fo rm a tio n  o f in t e r m e t a l l i c  compounds w ith in  
" s o f t "  s o ld e re d  c o n n e c tio n s  to  s u b s t r a t e  m a te r ia l s  common to  th e  e l e c ­
t r o n i c s  in d u s try  have been  docum ented. M ic r o s t r u c tu r a l  a n a ly s e s  o f  th e  
so ld e re d  c o n n e c tio n s  have been  perform ed r e v e a l in g  th e  p re se n c e  o f  i n t e r ­
m e ta l l i c  compounds. These compounds have been  i d e n t i f i e d  u s in g  scan n in g  
e l e c t r o n  m icroscopy  and energy  d is p e r s iv e  X -ray  a n a ly s i s  te c h n iq u e s .
A s e r i e s  o f  ex p e rim en ts  w ith  go ld  p la te d  s u b s t r a te s  h a s  been  
co n d u c ted . These ex p erim en ts  d e m o n s tra te  th e  r e l i a b i l i t y  p roblem s o f te n  
a s s o c ia te d  w ith  th ic k  g o ld  p l a t i n g s .  The b r i t t l e  c h a r a c t e r i s t i c s  o f  
so ld e re d  co n n e c tio n s  to  th i c k  g o ld  p la t in g s  ap p ea r to  b e  th e  r e s u l t  o f 
th e  fo rm a tio n  o f  in t e r m e t a l l i c  compound l a y e r s .  D etachm ent o f th e  s o ld e r  
f i l l e t  from  th e  s u b s t r a te  i s  found to  be  r e l a t e d  to  th e  p re se n c e  o f  
AuSn2  i n t e r m e t a l l i c  compounds. P o ro s i ty  in  th e  s o ld e r  f i l l e t  i s  shown 
to  be  a s s o c ia te d  w ith  th e  th ic k n e s s  and ty p e  o f  go ld  p l a t i n g .  A d i s ­
c u s s io n  o f  p o r o s i ty  in  te rm s o f  th e  d eco m p o sitio n  o f a  c o -d e p o s ite d  
polym er produced in  c o b a l t  h a rdened  go ld  p la t in g s  i s  p re s e n te d .
A rea sp read  t e s t s  and w e tt in g  r a t e  s tu d ie s  have been  conducted  
to  o b se rv e  th e  e f f e c t s  o f  th e  v a r io u s  " s o f t ' s o ld e r  a l l o y s .  T hree 
d i f f e r e n t  t i n - l e a d  s o ld e r  a l l o y s ,  50 /50  -  60/40  -  6 3 /3 7 , and a
IV
p r o p r ie t a r y  a n tim o n ia l a l lo y ,  have been a p p lie d  to  s u b s t r a t e s  c o n s is t in g  
o f co p p er, b r a s s ,  and g o ld . D e ta i le d  a n a ly se s  o f  th e  r e s u l t s  o f th e s e  
s tu d ie s  p ro v id e  new and a d d i t io n a l  in fo rm a tio n  re g a rd in g  th e  n a tu re  o f 
th e  m e ta l lu r g ic a l  p ro c e s s e s  in v o lv ed  when s o ld e r in g  w ith  t i n  based  
a l lo y s .  The fo rm a tio n  o f a phase co rresp o n d in g  to  th e  Sb2 Sn. 2  compound 
i s  observed  when u t i l i z i n g  th e  a n tim o n ia l a l lo y .
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INTERMETALLIC COMPOUND FORMATION 
IN SOFT SOLDERS
CHAPTER I  
INTRODUCTION
S o ld e r in g  i s  a  m e ta l lu r g ic a l  p ro c e ss  by w hich m e ta ls  a r e  jo in e d  
to  p roduce e l e c t r i c a l  and m echan ica l c o n n e c tio n s . The jo in in g  p ro c e ss  i s  
ach iev ed  by th e  a p p l ic a t io n  o f  a  l i q u id  f i l l e r  m e ta l o r  a l lo y  w hich 
form s a  bond w ith  th e  s u b s t r a t e  s u r f a c e s .  I n  m ost j o i n t  c o n f ig u ra tio n s  
s u r f a c e  te n s io n  and c a p i l l a r y  a c t io n  cau se  th e  m e lted  s o ld e r  to  be  drawn 
in to  th e  sp aces  betw een th e  m e ta ls  to  be jo in e d .  The s o ld e r  w ets  th e  
s u b s t r a te s  w h ile  m o lten  and r e a c t s  w ith  them to  form  th e  bond. The 
s im p le s t  m e ta l lu r g ic a l  bond m ight sim ply  in v o lv e  a  sh arp  in t e r f a c e  and 
sh a red  g r a in  b o u n d a rie s  betw een th e  s o l i d i f i e d  s o ld e r  and s u b s t r a te .
The n a tu re  o f th e  in t e r f a c e  betw een s u b s t r a t e  and s o ld e r  i s  
seldom , i f  e v e r ,  sim ply  a  sh arp  t r a n s i t i o n  betw een th e  two m e ta ls .  The 
s o l id  s u b s t r a t e  may d is s o lv e  one o r  more com ponents from  th e  s o ld e r  
p roducing  a  s u r f a c e  o f  g r e a t ly  a l t e r e d  c h a r a c te r  and co m p o sitio n ; o r  
components from  th e  s u b s t r a t e  i t s e l f  may b e  d is s o lv e d  and in c o rp o ra te d
in  th e  s o ld e r .  O bviously b o th  p ro c e s se s  a r e  cap ab le  o f  o c c u rr in g  
s im u lta n e o u s ly , depending on th e  m e ta ls  in v o lv ed .
The e l e c t r o n ic s  in d u s try  i s  a p r in c ip a l  u s e r  o f s o f t  s o ld e r s .
A f i l l e r  m e ta l composed o f  t i n  and le a d  i s  common, w ith  e x te n s iv e  u se  o f 
th e  n e a r - e u t e c t i c  60/40 a l lo y  (60 wt.% Sn -  40 wt.% P b ) . The phase 
e q u i l i b r i a  w hich govern  th e  d i s s o lu t io n  p ro c e sse s  o c c u rr in g  when a  
s o ld e r  j o i n t  i s  made become co m p lica ted  when t i n  i s  in v o lv e d . The 
c o m p lic a tio n s  a re  a  d i r e c t  r e s u l t  o f  th e  s tro n g  tendency  o f t i n  to  form  
in t e r m e t a l l i c  compounds w ith  a w ide v a r i e ty  o f o th e r  m e ta ls .  Many o f  
th e s e  m e ta ls  f in d  them selves in  common usage as  s u b s t r a te  m a te r ia ls  upon 
w hich s o ld e r in g  must be c a r r ie d  o u t .  A c o m p ila tio n  o f phase  d iagram s 
and s t r u c t u r a l  d a ta  i s  in c lu d ed  as  Appendix A.
I n te r m e ta l l i c  compounds a re  cap a b le  o f in f lu e n c in g  th e  m echani­
c a l  and e l e c t r i c a l  b eh av io r o f  so ld e re d  j o i n t s  because  o f t h e i r  b r i t t l e  
c h a r a c t e r i s t i c s .  The d i s t r i b u t i o n  o f th e  compounds in  th e  s o ld e re d  
j o i n t  i s  c r i t i c a l  to  d e te rm in in g  t h e i r  in f lu e n c e . As u n ifo rm ly  
d i s t r i b u t e d  and i s o la te d  p a r t i c l e s  w ith in  th e  s o ld e r  m ass, th e  p re se n c e  
o f i n t e r m e t a l l i c s  may be r a th e r  b en ig n . The m echan ical and e l e c t r i c a l  
p r o p e r t i e s  o f th e  s o ld e r  w i l l  l a r g e ly  be governed by th e  co n tin u o u s  
s o ld e r  p h a se s . The co m p ara tiv e ly  la rg e  w etted  a re a s  o f th e  so ld e re d  
j o i n t s  a re  c ap a b le  o f  m in im izing  th e  e f f e c t s  o f r e a c t io n  p ro d u c ts  w hich 
would a c t  to  r a i s e  th e  e l e c t r i c a l  r e s i s t i v i t y  o f th e  s o ld e r .
An e n t i r e ly  d i f f e r e n t  s i t u a t io n  i s  o b ta in ed  when th e  compounds 
form  a s  co n tin u o u s  la y e r s  a t  th e  s o ld e r  s u b s t r a te  i n t e r f a c e .  Under 
th e s e  c o n d itio n s  th e  in t e r m e ta l l i c  compounds can in t e r r u p t  e l e c t r i c a l  
c i r c u i t s  w ith  m a te r ia l  o f  v e ry  h ig h  r e s i s t i v i t y  e f f e c t iv e l y  i s o l a t i n g
th e  m e ta ls  w hich w ere to  be e l e c t r i c a l l y  jo in e d .  The in f lu e n c e  upon 
m echanical b e h a v io r  o f  b r i t t l e  la y e r s  w hich su rro u n d  th e  s u b s t r a te  
m e ta ls  shou ld  be im m ed ia te ly  o b v io u s .
The perfo rm ance o f  s o ld e re d  j o i n t s  made w ith  t i n - l e a d  based 
f i l l e r  m e ta ls  i s  f u r th e r  co m p lica ted  by co n tin u ed  r e a c t io n  in  th e  s o l id  
s t a t e .  Because th e  s o ld e r  a l lo y s  a re  low m e lt in g , d i f f u s io n  w ith in  th e  
s o ld e r  and w ith  common s u b s t r a t e  m e ta ls  i s  r e l a t i v e l y  f a s t  a t  room 
te m p e ra tu re . R e c r y s ta l l i z a t i o n  in  s t r a in e d  j o i n t s  w i l l  o ccu r as  w e ll 
as p r e c i p i t a t i o n  o f  v a r io u s  a l lo y  and compound p h a se s . These p ro c e s se s  
can  g iv e  r i s e  to  d e lay ed  f a i l u r e s  i n  com ponents w hich have been te s t e d  
and accep ted  a t  th e  tim e o f  m a n u fa c tu re .
T h is  p aper d e s c r ib e s  a s e r i e s  o f ex p erim en ts  w ith  n e a r - e u te c t ic  
t i n - l e a d  and t in - le a d -a n tim o n y  s o ld e r s .  The work d e a ls  p r im a r i ly  w ith  
th e  m ic ro s tru c tu r e s  o f  th e  s o ld e re d  j o i n t s ,  th e  in t e r m e t a l l i c  compounds 
w hich form and t h e i r  r e l a t io n s h ip  to  th e  s o ld e r in g  p ro c e s s .  The p re ­
s e n ta t io n  i s  d iv id e d  in to  s e c t io n s  d e a l in g  w ith  s p e c i f i c  phases o f th e  
in v e s t ig a t io n .  A p p ro p r ia te  background m a te r ia l ,  d e s c r ip t io n  o f th e  
e x p e rim en ta l p ro ced u res  and a  d is c u s s io n  o f th e  r e s u l t s  a re  in c lu d ed  in  
each s e c t io n .
M ic ro s tru c tu re  o f S o ld e r A llo y s
The s o ld e r s  used  in  t h i s  s tu d y  w ere fo u r  common a l lo y s  50 /50 , 
6 0 /40 , 63/37 t i n - l e a d  and a  p r o p ie ta r y  a n tim o n ia l a l lo y  c o n s is t in g  o f 
52-Sn 45-Pb and 3-Sb by w e ig h t. The l a s t  a l lo y  had been  developed  as  a 
c o s t  e f f e c t i v e  a l t e r n a t i v e  f o r  t r a d i t i o n a l  n e a r - e u t e c t i c  s o ld e r s ,  in  an 
e f f o r t  to  meet th e  r i s i n g  c o s ts  o f t i n .  F ig u re s  1 , 2, and 3 show th e  
s t r u c tu r e s  o b ta in e d  from sm a ll p refo rm s o f 6 0 /40 , 6 3 /3 7 , and th e  a n tim o n ia l
Figure 1. 200X - Peroxide and Glycol Etch
Virgin 60/40 solder alloy after reflowing at
215“C for 80 seconds.
Imm
m .m
I I
F ig u re  2 . 300X -  P e ro x id e  and G lyco l E tch
V irg in  63/37 s o ld e r  a l lo y  a f t e r  re f lo w in g  a t  
215°C f o r  80 seco n d s.
W i
m
im.
8i
»
Figure 3. 200X - Peroxide and Glycol Etch
Virgin antimonial solder alloy after reflowing
at 215°C for 80 seconds.
s o ld e r s  a f t e r  m e ltin g  a t  215®C and r e s o l i d i f y in g .  In  th e  p ro c e ss  o f 
re f lo w in g , th e  co o lin g  r a t e s  su b seq u en t to  m e ltin g  were p ro b ab ly  slow er 
th a n  would be o b ta in e d  from com m ercial s o ld e r in g  p ro c e sse s  due to  th e  
la r g e  therm al mass o f th e  p refo rm s combined w ith  th e  te f lo n  c o n ta in e r s  
in  w hich re flo w in g  was acco m p lish ed .
The two t i n - l e a d  a l lo y s  (F ig u re s  1 and 2) e x h ib ite d  a f in e  
e u t e c t i c  s t r u c tu r e  w ith  some ev idence  o f excess a,  th e  d a rk , le a d  r i c h  
p h ase , in  th e  h y p o e u te c tic  a l l o y .  The te rn a ry  a l lo y  showed some ev idence  
o f th e  la m e lla r  e u t e c t i c  m ix tu re ; however, a s i g n i f i c a n t  f r a c t i o n  o f 
th e  a  phase appeared  as ro u g h ly  s p h e r ic a l  m asses in  a  g ( t i n  r ic h )  
m a tr ix .  The d i f f e r e n c e s  in  th e  phase d i s t r i b u t io n s  ap p ea r to  be m ost 
l i k e l y  due to  th e  antim ony and i t s  e f f e c t  on i n t e r f a c i a l  e n e rg ie s  and 
d i f f u s io n  r a t e s .
The low m e ltin g  te m p e ra tu re s  o f  s o ld e r  a l lo y s  make them 
p a r t i c u l a r ly  s u s c e p t ib le  to  m ic r o s t r u c tu r a l  changes w ith  ag ing  a t  
am bient te m p e ra tu re s . F ig u re s  4 , 5, and 6  d em o n stra te  th e  e f f e c t s  o f  
a  7-day  ag ing  p e r io d  a t  100"C. Assuming o rd in a ry  r a t e  th e o ry  o f th e  
form:
-Q/RT
R ate  = Ae
w here R ate  = r e a c t io n  r a t e  
A = r a t e  c o n s ta n t 
Q = a c t iv a t io n  energy 
R = gas c o n s ta n t 
T = te m p e ra tu re  (®K)
and an a c t iv a t io n  energy  o f ap p ro x im ate ly  2 0 , 0 0 0  c a l /m o l ,  th e  a r t i f i c i a l  
ag ing  tre a tm e n t co rresponded  to  abou t 20 y e a rs  a t  room te m p e ra tu re . The 
t in - l e a d  s o ld e r s  show a s i g n i f i c a n t  d eg ree  o f  sp h e ro d iz in g  o f  th e  a 
phase in  th e  e u t e c t i c .  L ikew ise  in  th e  a n tim o n ia l s o ld e r  th e  la m e lla r
Figure 4. 200X - Peroxide and Glycol Etch
The 60/40 solder alloy of Figure 1
after aging for 7 days at 100°C.
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Figure 5 . 300X -  Peroxide and G lyco l Etch
The 63/37 s o ld e r  a l lo y  o f  F ig u re  2 a f t e r  ag ing  
f o r  7 days a t  100®C.
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Figure 6. 2Q0X - Peroxide and Glycol Etch
The antimonial solder alloy of Figure 3 after
aging for 7 days at 100®C.
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p o r t io n  o f  th e  e u t e c t i c  has a ls o  sp h e ro d iz e d . In  a d d i t io n ,  a l l  s o ld e r s  
showed m ic r o s t r u c tu r a l  changes in  th e  a p h ase . These a r e  ev idenced  by 
th e  fo rm a tio n  o f p a r t i c l e s  o f  t i n  r i c h  3 . The g p a r t i c l e s  a re  a p p a re n t 
w ith in  th e  d a rk  a i s la n d s ,  seen  most e a s i l y  in  F ig u re  5 . The c h a r a c te r ­
i s t i c s  o f  th e  a p hase  a r e  more c l e a r ly  d em o n stra ted  w ith  th e  h ig h e r  
r e s o lu t io n  o f th e  Scanning E le c tro n  M icroscope (SEM). F ig u re  7 i s  an 
SEM m icro g rap h  o f  an  aged mass o f re flow ed  60/40 s o ld e r .  The 3 phase 
a p p e a rs  a s  th e  d a rk  i s o la te d  re g io n s  a s  w e ll a s  th e  lo n g  s t r u c tu r e s  
ru n n in g  from  th e  to p  to  th e  bottom  o f th e  p h o to g rap h . The p a r t i c l e s  o f 
3  shown w ith in  th e  a  mass w ere n o t observed  in  f r e s h ly  re flo w ed  s o ld e r s .
The m icrostru ctu res d escribed  above are r e la t iv e ly  sim ple and 
p r e d ic ta b le  on th e b a s is  o f  th e t in - le a d  phase diagram. The apparent 
p r e c ip ita t io n  o f g w ith in  th e  a phase may sim ply be a readjustm ent o f  
com position  toward eq u ilib riu m , delayed because o f th e  co o lin g  r a te  
imposed by the co n d itio n s  o f  the experim ent. W hile provid ing  a b a s e lin e  
a g a in s t  which comparisons may be made, s tru c tu res  as sim ple as th e se  are 
seldom obtained  in  commercial so ld er in g  o p era tio n s . In stea d , in te r a c t io n s  
w ith  the su b str a te  and the presence o f  contam inants com plicate the  
s tr u c tu r e s  lea d in g  to  in te r p r e ta tio n  d i f f i c u l t i e s  and the g rea ter  problem  
o f so ld er in g  f a i lu r e s .
Etching of Solder A lloys
In  order to rev e a l a l l  o f th e m icro co n stitu en ts  presen t in  th e  
so ld er  a l lo y s  s tu d ie d , r e l ia b le  etch in g  procedures had to  be developed .
The e f f e c t s  o f d if f e r e n t  etch in g  methods are most c le a r ly  dem onstrated  
by comparisons o f  photomicrographs obtained during se v e r a l phases o f  
th is  stud y . Comparisons o f  o p t ic a l  and SE}I m icrographs are a lso  u se fu l
1 2
F igure 7. 5600X -  Peroxide and N i ta l  (2%) E tch
An SEM m icrograph  o f  a  60/40 s o ld e r  mass 
aged fo r  7 days a t  100°C. g p hase  t i n  
p r e c i p i t a t e s  a re  shown in  th e  a  phase 
m ass.
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a t  t h i s  p o in t  in  o rd e r  to  re c o g n iz e  th e  d i f f e r e n t  appearance  o f  v a r io u s  
p h ases  a s  o b served  by th e  two d i f f e r e n t  te c h n iq u e s .
F ig u re  8  i s  an  o p t i c a l  m icrograph  showing a t y p i c a l  60/40 
s o ld e r  f i l l e t  a p p l ie d  to  a  c i r c u i t  b o a rd . A go ld  p la ced  te rm in a l p in  
i s  shown ru n n in g  v e r t i c a l l y  a t  th e  r i g h t  edge o f th e  pho tograph  and a 
copper la n d  a re a  a p p e a rs  a t  th e  bottom  l e f t .  The s t r u c t u r e  was e tched  
in  NH^OH -  H2 O9  commonly used fo r  copper based  a l lo y s .  The d a rk  
d e n d r i t i c  p r o e u te c t ic  phase i s  le a d  r i c h  a ,  c o n ta in e d  in  an os- 8  e u t e c t i c .  
The s t r u c t u r e  d i f f e r s  from F ig u re  1 becau se  o f d i f f e r e n c e s  in  th e  co o lin g  
r a t e s  and in t e r a c t io n s  w ith  th e  s u b s t r a te  m e ta ls .  These l a t t e r  e f f e c t s  
w i l l  be d is c u s s e d  as a  p r in c ip le  to p ic  o f  t h i s  s tu d y .
F ig u re  9 shows th e  same s o ld e r  f i l l e t  a f t e r  an a d d i t io n a l  
e tc h in g  tre a tm e n t in  2% n i ta l- .  Thé s t r u c t u r e  has darkened  c o n s id e ra b ly  
r e v e a l in g  an  o c c a s io n a l  b r ig h t  n e e d le  o r  c i r c u l a r  p a r t i c l e  as in d ic a te d  
by arrow s N and C. These n o te  th e  ap pea rance  o f in t e r m e t a l l i c  compounds 
AuSn^ and CugSn^ formed w ith in  th e  s t r u c t u r e .  F ig u re  10 shows th e  
ap p ea ran ce  o f  a s o ld e r  f i l l e t  c o n ta in in g  a much h ig h e r  c o n c e n tra t io n  o f 
in t e r m e t a l l i c  compounds. A com parison o f F ig u re s  11 and 12 d em o n stra te s  
th a t  in  th e  absen ce  o f  th e  n i t a l  e tc h  th e s e  s t r u c tu r e s  a r e  v e ry  d i f f i ­
c u l t  to  o b se rv e .
The scan n in g  e le c t r o n  m icroscope r e v e r s e s  th e  phase " c o lo ra t io n "  
in  t i n - l e a d  a l lo y s .  F ig u re  13 i s  th e  same s o ld e r  f i l l e t  shown in  
F ig u re  9 . As seen  in  th e  pho tom icrograph , th e  p r o e u te c t ic  a  in  a n i t a l  
e tch ed  60/40 s o ld e r  ap p ea rs  b r ig h t  w h ile  th e  g phase i s  d a rk . I n t e r ­
m e ta l l i c  compounds ta k e  on v a r io u s  d eg ree s  o f  b r ig h tn e s s  depending on 
th e  p a r t i c u l a r  compounds b e in g  v iew ed. F ig u re  14 shows th e  same s o ld e r
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F ig u re  8 . 200X -  P e ro x id e  E tch
An o p t i c a l  m icrog raph  o f  a  .5  m icron  go ld  p la te d  
te rm in a l  p in  s o ld e re d  w ith  th e  60/40  a l lo y  to  a 
copper p la te d  c i r c u i t  la n d .
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F ig u re  9 . 200X -  P e ro x id e  and N i ta l  (2%) E tch
An o p t i c a l  m icrog raph  o f  th e  s o ld e r  f i l l e t  shown 
i n  F ig u re  8  a f t e r  n i t a l  e tc h in g .  I s o la te d  i n t e r ­
m e ta l l i c  compounds o f AuSn/ and CuzSnc a re  
r e v e a le d .
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Figure 10. 200X -  Peroxide and N ita l  (2%) Etch
An o p t i c a l  m icrog raph  o f a  2 .5  m icron gold  
p la te d  te rm in a l  p in  s o ld e re d  w ith  60/40 
s o ld e r  to  a  copper p la te d  c i r c u i t  la n d . 
E x cess iv e  AuSn^ compounds a r e  shown.
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F igure 11. 200X -  P eroxide E tch
A 2 .5  m icron  g o ld  p la te d  te rm in a l p in  
so ld e re d  w ith  60/40- s o ld e r  to  a copper 
p la te d  c i r c u i t  la n d . Note th e  appearance 
o f s t r i a t i o n s  in  th e  f i l l e t  and th e  
p o ro s i ty .
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F ig u re  12. 200X -  P e ro x id e  and N i ta l  E tch
The same a re a  as  shown in  F ig u re  11 a f t e r  
n i t a l  e tc h in g .  The s t r i a t i o n s  a re  now 
seen  a s  b r ig h t  n e e d le  a p p e a rin g  s t r u c tu r e s .
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F ig u re  13. 200X -  P e ro x id e  and N i ta l  E tch
An SEN m icro g rap h  o f  th e  a re a  shown in  
F ig u re  9 . Very few in t e r m e ta l l i c  compounds 
can  be se e n .
2 0
F ig u re  14 . 150X -  P e ro x id e  and N i t a l  E tch
An SEM m icro g rap h  o f th e  a re a  shown in  
F ig u re  10. The n e e d le l ik e  s t r u c t u r e s  a r e  
AuSn. i n t e r m e t a l l i c  compounds.
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f i l l e t  se e n  in  F ig u re  10 . The te rm in a l  p in  i s  a t  th e  low er r i g h t  and 
th e  la n d  a t  th e  up p er r i g h t .  The i n t e r m e t a l l i c  compounds a g a in  ap p ea r 
b r ig h t  and in  g r e a t e r  r e l i e f  a g a in s t  th e  r e s t  o f  th e  s t r u c t u r e .
I n t e r m e ta l l i c  Compound F o rm ation  
in  Sn-Pb and Sn-Pb-Sb S o ld e rs
The fo rm a tio n  o f  i n t e r m e t a l l i c  compounds in  th e  t i n - l e a d  b ased  
s o ld e r s  a p p l ie d  to  v a r io u s  s u b s t r a te s  h a s  been  re p o r te d  in  a  number o f  
r e f e r e n c e s  ( 1 - 4 ) .  The m ost com plete l i s t i n g  o f  th e  compounds w hich form  
may be found in  Manko (3) and B a ile y  and W atkins ( 6 ) ,  o r  may be deduced 
from in s p e c t io n  o f  th e  a p p ro p r ia te  phase  d iag ram s (Appendix A ). Com­
pounds in v o lv in g  m a te r ia ls  which a r e  u sed  in  th e  e l e c t r o n ic s  in d u s try  
a r e  o f  th e  g r e a t e s t  s ig n if ic a n c e  a s  a r e  compounds o f common im p u rity  
e le m e n ts . In  t h i s  phase  o f  th e  w ork, a t t e n t i o n  was focused  upon th e  
m e ta llo g ra p h ic  ap p ea ran ce  o f  in t e r m e t a l l i c  compounds formed in  s o ld e r  
a l l o y s .
I n t e r m e ta l l i c  compounds a r e  form ed by th e  d is s o lu t io n  o f  sub­
s t r a t e  m e ta ls  i n  m o lten  o r  s o l id  s o ld e r  m a sse s . The s im p le s t method o f 
p ro d u c in g  th e  compounds in v o lv e s  th e  a p p l i c a t io n  o f th e  s o ld e r  to  p u re  
m e ta l,  a l l o y ,  o r  p la te d  s u b s t r a t e s .  The compounds form a s  an  i n t e r ­
f a c i a l  l a y e r  a t  th e  s o ld e r  s u b s t r a te  boundary  a s  w e ll a s  i s o la te d  
p a r t i c l e s  w i th in  th e  s o ld e r  m ass. A r t i f i c i a l  ag in g  a t  e le v a te d  tem pera­
tu r e s  h a s  been  shown to  enhance compound fo rm a tio n  as  w e ll  a s  to  change 
th e  n a tu re  o f  some o f th e  compounds w hich  have formed d i r e c t l y  upon 
c o o l in g .  T hese s tu d ie s  in c lu d e  th e  r e s u l t s  o b ta in e d  from  ex p erim en ts  
w ith  th e  t in - le a d -a n tim o n y  s o ld e r  (52 Sn, 45 P b , 3 Sb) d e s c r ib e d  above.
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Copper-Tin In te r m e ta llic  Compounds
The a l lo y  system  Cu-Sn p r e d ic t s  fo u r  in t e r m e t a l l i c  compounds:
5 -  Cug^Sng, E -  CugSn, n and n ' -  CugSn^, and ç -  Cu^gSng. CugSng 
undergoes an o rd e r in g  t r a n s i t i o n  (n ^ h ')  in  th e  neighborhood  o f 187“C.
The tra n s fo rm a tio n  was d is c u s s e d  in  d e t a i l  by S ever (7 ) .  The fo rm a tio n  
o f c o p p e r - t in  i n t e r m e t a l l i c  compounds i s  p erhaps o f th e  g r e a t e s t  com­
m e rc ia l s ig n i f i c a n c e  due to  th e  la r g e  number o f co pper and copper c la d  
e le c t r o n ic  c i r c u i t s  w hich a r e  s o ld e re d  by wave o r  d ip p in g  p ro c e s se s  
u s in g  r e c i r c u l a t o r y  s o ld e r  b a th s .  The d i s s o lu t io n  r a t e  o f copper a t  
norm al s o ld e r in g  te m p e ra tu re s  i s  q u i te  h igh  and c o n ta m in a tio n  o f  th e  
s o ld e r  b a th  w ith  c o p p e r - t in  in t e r m e ta l l i c s  i s  common.
F ig u re  15 shows a  ty p i c a l  s o ld e r  j o i n t  made w ith  60/40  s o ld e r  
a p p l ie d  to  a  p u re  co p p er s u b s t r a t e .  The s o ld e r  mass ap p ea rs  n e a r  th e  
top  o f th e  pho to m icro g rap h  and th e  s u b s t r a te  a t  th e  b o tto m . The norm al 
la m e lla r  c h a r a c te r  o f  th e  e u t e c t i c  i s  shown n e a r  th e  c e n te r  o f  th e  
f i e l d .  A th i n ,  co n tin u o u s  band o f  l i g h t  e tc h in g  m a te r ia l  i s  seen  w ith in  
th e  s o ld e r  a t  th e  boundary  w ith  th e  s u b s t r a te .  A scan n in g  e le c t r o n  
m icroscope equ ipped  w ith  an  energy  d is p e r s iv e  X -ray  m ic ro a n a ly s is  system  
(EDS) was u t i l i z e d  i n  d e te rm in in g  th e  com po sitio n  o f  th e  band , which 
co rresponded  to  CugSn^.
A h ig h e r  m a g n if ic a t io n  view  o f a  CugSng boundary la y e r  i s  
shown in  F ig u re  16 . H ere some o f th e  a n g u la r i ty  and f a c e t in g  o f  th e  
band becomes a p p a re n t .  T h is c h a r a c t e r i s t i c  o f  in t e r m e t a l l i c  compounds 
formed as i n t e r f a c i a l  l a y e r s  p e rm its  t h e i r  r e c o g n i t io n .  U n fo r tu n a te ly , 
th e re  i s  n o t a  g r e a t  d e a l  o f d i f f e r e n c e  betw een th e  ap p ea ran ce  o f th e  
CugSng band and compounds o f o th e r  elem ents which form  a t  th e  s o ld e r
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F ig u re  15. 1680X -  P e ro x id e  and N i ta l  E tch
60/40 s o ld e r  a p p lie d  to  a copper 
s u b s t r a t e .  The th in  band o f m a te r ia l  
betw een th e  s o ld e r  ( to p ) and th e  
copper s u b s t r a t e  (bottom ) i s  th e  CugSng 
in t e r m e t a l l i c  compound.
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F ig u re  16. 2800X -  P e ro x id e  and N i ta l  (2%) E tch
A l a r g e r  m a g n if ic a tio n  o f  a  band o f  CugSng 
compounds. S o ld e r  f i l l e t  ( l e f t )  and co pper 
s u b s t r a t e  ( r i g h t ) .
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s u b s t r a t e  boundary . C onsequen tly , th e  EDS i s  r e q u ir e d  f o r  i d e n t i f i ­
c a t io n .
CugSn^ in t e r m e t a l l i c  compounds form  w ith in  th e  s o ld e r  mass in  
a re a s  rem ote from  th e  s u b s t r a te .  The p a r t i c l e s  can  be  formed e a s i l y  
e i t h e r  d i r e c t l y  upon c o o lin g  th e  s o ld e r  o r  a f t e r  a r t i f i c i a l  a g in g .
F ig u re  17 shows a  ty p i c a l  example o f  th e s e  i s o l a t e d  GugSn^ in t e r m e t a l l i c  
compounds. The compound form s a s  a s le n d e r  s t r u c t u r e  o f te n  w ith  an 
"eye" in  th e  n e e d le  a s  seen  in  F ig u re  18. The eye i s  a consequence o f 
an a x i a l  c a v i ty  w hich ex ten d s to  one s id e  o f th e  n e e d le ,  o r  i s  i n t e r ­
c ep ted  by th e  p la n e  o f p o l i s h .  The a x i a l  c a v i ty  i s  shown in  F ig u re  19. 
T h is  p h o tom icrog raph  a ls o  d em o n stra te s  th e  h exagona l shape which i s  
t y p i c a l  o f th e  CugSn^ compound when i t  i s  formed rem o te  from th e  s o ld e r  
s u b s t r a t e  i n t e r f a c e .  The shape n o tw ith s ta n d in g , th e  compound was c i t e d  
i n c o r r e c t l y  by Manko as  be ing  o rth o rh o m b ic . Hansen (8) and Sever 
in d i c a te  th e  s t r u c t u r e  as (B8^) h ex ag o n a l, NiAs ty p e . CugSn^ n e e d le s  
a re  o f te n  o b se rv ed  in  c lo s e  a s s o c ia t io n  w ith  th e  boundary  la y e r  o f 
compound. F ig u re  20 shows a  ty p i c a l  exam ple. The l a r g e  n e e d le  has been  
broken  o f f  a t  i t s  i n t e r s e c t i o n  w ith  th e  p la n e  o f p o l i s h  and r id g e s  have 
d eveloped  on i t s  s u r f a c e ,  p ro b ab ly  due to  e tc h in g .  A number o f s m a lle r  
n e e d le s ,  d e m o n s tra tin g  a hexagona l sh ap e , a r e  a ls o  a p p a re n t n e a r th e  
in t e r f a c e .
The CugSn^ in t e r m e t a l l i c  compound does n o t ap p ea r to  be l im i te d  
to  th e  h ex ag o n a l sh ap e . F ig u re s  21, 22, and 23 show th e  compound as 
ro d s  o f c i r c u l a r  c ro s s  s e c t io n  which had formed in  th e  a n tim o n ia l 
s o ld e r  a p p l ie d  to  a copper s u b s t r a te  and aged f o r  a  week a t  100°C. The 
rod shown in  F ig u re  21 has th e  a x i a l  c a v i ty  c h a r a c t e r i s t i c  o f CUgSn^.
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F ig u re  17 . 1120X -  P e ro x id e  and N i ta l  E tch
60/40  s o ld e r  a p p lie d  to  a  copper s u b s t r a t e .  
I s o la t e d  Cu^Sn^ in t e r m e t a l l i c  compounds a r e  
shown in  th e  s o ld e r  mass rem ote from  th e  
i n t e r f a c e .
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F ig u re  18 . 14,00X -  P ero x id e  and N i ta l  E tc h
An is o la te d  CugSn_ in t e r m e t a l l i c  compound 
formed in  th e  mass o f 60/40 s o ld e r  and 
rem ote from th e  i n t e r f a c e .
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F ig u re  19. 2800X -  P e ro x id e  and N i ta l  E tch
An i s o l a t e d  Cu^SOn 
form ed rem ote 
s o ld e r  a p p l ie d  to  co p p er. The hexagonal 
sh ap e , w ith  a c a v i ty  n e a r  th e  c e n te r ,  i s  shown.
in t e r m e t a l l i c  compound 
:rom th e  in t e r f a c e  in  60/40
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F ig u re  20. 2800X -  P e ro x id e  and N i ta l  (2%) E tch
A broken CugSn. compound ex ten d in g  in to  th e  
60/40 s o ld e r  mass from th e  CugSn^ in t e r f a c e .
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F ig u re  21. 560GX. -  P e rb x id e -G ly c o l-N ita l  E tch
A n tim on ia l s o ld e r  aged f o r  7 days a t  100®C. 
A rod  o f  CUgSn^ hav ing  a  c i r c u l a r  c ro s s  
s e c t io n  w ith  a  h o le .
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F igure 22. 12,600X -  P e r o x id e -G ly c o l-N ita l Etch
A n tim o n ia l s o ld e r  aged f o r  7 days a t  100®C. 
A ro d  o f  CugSn^ hav ing  a  c i r c u l a r  c ro s s  
s e c t io n  w ith o u t a h o le .
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F ig u re  23. 5600X -  P e ro x id e -G ly c o l-N ita l  E tch
A n tim on ia l s o ld e r  aged fo r  7 days a t  
100°C. CugSn^ in t e r m e t a l l i c  compounds 
w ith  random o r ie n t a t i o n s  w hich 
e x h ib i te d  b r i t t l e  c h a r a c t e r i s t i c s .
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The end o f  th e  rod  shown a t  th e  l e f t  o f  F ig u re  23 has been f r a c tu r e d  in  
th e  h an d lin g  o f  th e  specim en. The b r i t t l e  c h a r a c te r  o f th e  f r a c tu r e  i s  
in d i c a t iv e  o f th e  b eh av io r  o f th e  compound.
The on ly  in te r m e ta llic  compound o f copper and t in  which was 
observed in  any o f th e  experim ents was Cu^Sn^. R eference to  the Cu-Sn 
phase diagram (Appendix A) in d ic a te s  th a t Cu^^Sng and Cu^^Sn  ^ do not 
e x i s t  in  eq u ilib riu m  a t  room tem perature. * CugSn i s  pred icted  a t room 
tem perature. Simple a n a ly s is  o f the com position  grad ien ts which e x i s t  
in  so ld ered  j o in t s  su g g ests  th a t CugSn would most l ik e ly  form between 
the CugSn_ la y er  and the su b stra te .
The in flu e n c e  o f co p p er-tin  in te r m e ta llic  compound form ation  
toward d ecreasin g  so ldered  jo in t  r e l i a b i l i t y  has been known for  some 
tim e and acknowledged in  in d u s tr ia l p r a c t ic e . The source o f the problem  
can be r e a d ily  understood on the b a s is  o f the photomicrographs presented  
h ere . CugSn^ was determined by Sever to  be p r in c ip a lly  m e ta ll ic  on th e  
b a s is  o f i t s  bonding. However, exp erien ce has shotvn i t  to be an em­
b r i t t l in g  agent in  th e  soldered  j o in t .  I so la te d  p a r t ic le s  o f  CUgSn  ^
probably do not a f f e c t  jo in t  performance g r e a t ly  as long as the in te r ­
p a r t ic le  sep ara tion s are f a ir ly  la r g e . They may, in  some circum stances, 
be b e n e f ic ia l  in  as much as they would serve  to  p r e c ip ita t io n  harden th e  
so ld er  mass. The e f f e c t  here would be very  lim ite d  s in ce  iso la te d  
n eed le  p r e c ip ita te s  are not very e f f i c i e n t  hardeners. Compound em­
b r itt lem en t o f  so ldered  jo in t s  i s  more l i k e ly  caused by the compact 
la y e r  which forms at th e so ldered  su b stra te  in te r fa c e . A lo c a liz e d  
b r i t t l e  phase in  t h is  c r i t i c a l  reg io n  has a d isp ro p o rtio n a te  in flu en ce  
on th e m echanical p ro p ertie s  o f the system .
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In te r m e ta llic  compound form ation may a ls o  a f f e c t  th e  e l e c t r ic a l  
p ro p er tie s  o f  so ld er  j o in t s .  The compound la y e r  can c r e a te  p a r t ia l ly  
i s o la te d  boundaries as d escr ib ed  above. These may become very  s ig n i­
f ic a n t  in  c e r ta in  m icr o e lec tro n ic  a p p lic a t io n s .
G old-T in  I n te r m e ta l l i c  Compound F orm ation  
The phase diagram  f o r  th e  system  gold t i n  ap p ea red  in  Hansen 
and was su b se q u e n tly  m o d ified  by th e  ASM (9 ) .  The in t e r m e t a l l i c  compounds 
w hich e x i s t  a t  room te m p e ra tu re  a re  $ -  AuSn, y  -  AuSug and g -  AuSn^.
The morphology o f the compounds which were observed w i l l  be d iscu ssed  
here; but a d e ta ile d  d is c u s s io n  o f the p ro cesses  which in f lu e n c e  the  
form ation o f Au-Sn in te r m e ta ll ic s  w i l l  be trea ted  la t e r .
F igure 24 shows the boundary la y er  o f in te r m e ta ll ic  compounds 
which were formed when 60/40 so ld er  was app lied  to a term inal p in  p la ted  
w ith  2 .5  microns o f  n ic k e l and overlayed  w ith  25 m icrons o f  go ld . The 
compound la y e r  appears th ick er  than GugSn  ^ but not as d en se ly  populated  
w ith  angular p a r t ic le s .  A somewhat more m agnified view  i s  shown in  
Figure 25. A n alysis  performed by the EDS in d ica ted  th a t th e boundary 
la y e r  co n s is te d  o f AuSn^. The is o la te d  angular p a r t ic le s  which appear 
w ith in  the so ld er  f i l l e t  were a lso  id e n t if ie d  as AuSn^. AuSn^ i s  reported  
to  be fa c e  centered  orthorhom bic.
The morphology o f th e  in t e r m e ta l l i c  compounds w hich r e s u l t  when 
s o ld e r s  a r e  a p p lie d  to  go ld  p la te d  s u b s t r a te s  v a r ie d  w id e ly . F ig u re s  26 
and 27 show AuSn^ in t e r m e t a l l i c  compounds w ith in  a  50 /50  t i n - l e a d  s o ld e r  
f i l l e t  a p p lie d  on a  pu re  go ld  p la te d  s u b s t r a t e .  The compound form s as
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F ig u re  24 . 700X -  P e ro x id e  and N i ta l  E tch
60/40 s o ld e r  a p p l ie d  to  a  te rm in a l p in  
w ith  25 .0  m icrons o f go ld  p la t in g  and 
aged f o r  7 days a t  100®C.
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F ig u re  25. 1400X -  P e ro x id e  and N i ta l  E tch
A more m a g n if ie d  view  o f th e  a r e a  seen  
in  F ig u re  24.
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Figure 26. 1120X. - Peroxide and Nital Etch
AuSn^ intermetallic compounds are shown
in the 50/50 solder mass.
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Figure 27. 8400X - Peroxide and Nital Etch.
4uSn, compounds are shown at a higher
magnification in the 50/50 solder mass.
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v ery  th in  p la te s  w hich ap p ea r as  f in e  n e e d le s .  S im ila r  s t r u c tu r e s  w ere 
o b ta in e d  in  60/40 s o ld e r  f i l l e t s  as  shown in  F ig u re s  28 and 29.
Other In te r m e ta llic  Compounds
A v a r i e ty  o f  in t e r m e ta l l i c  compounds w ere formed by ap p ly in g  
s o ld e r s  to  pu re  m e ta ls  o r  s u b s t r a te s  co a ted  w ith  th e  e lem en ts  o f i n t e r e s t .  
In  each ca se  th e  in t e r m e t a l l i c  compound o f th e  s u b s t r a t e  m e ta l and t i n  
w hich formed was th e  compound which com prised th e  l a r g e s t  p ro p o r tio n  o f 
t i n .
The s i l v e r - t i n  phase  diagram , Appendix A, p r e d ic t s  one i n t e r ­
m e ta l l ic  compound, y -  Ag^Sn, o f o rthorhom bic symmetry. The ç phase  i s  
a  hexagona l s o l id  s o lu t io n  o f t i n  in  s i l v e r  co v erin g  a  ran g e  o f  com posi­
t io n s  from ab o u t Ag^ ^Sn to  Agg ^Sn. F ig u re s  30 and 31 show ty p ic a l  
c l u s t e r s  o f  i s o la te d  AggSn in t e r m e ta l l i c  compounds formed in  a  50/40 
s o ld e r  f i l l e t  a p p l ie d  to  a  s i l v e r  s u b s t r a te .
The system  P t-S n  p r e d ic ts  a  s e r i e s  o f i n t e r m e t a l l i c  compounds 
to  be s t a b l e  a t  room te m p e ra tu re . However, P tSn^ was th e  on ly  compound 
o b se rv ed . F ig u re s  32 and 33 show th e  in t e r f a c e  which was observed  when 
60/40 s o ld e r  was a p p lie d  to  a p la tin u m  c o a ted  s u b s t r a t e .  The compounds 
appear a s  r e c ta n g u la r  b lo c k s , c o n s is te n t  w ith  t h e i r  r e p o r te d  orthorhom ­
b ic  (10) symmetry. An i s o la te d  PtSn^ in t e r m e t a l l i c  compound i s  shown in  
F ig u re  34. The two c i r c u l a r  d o ts  l e f t  o f c e n te r  a r e  th e  lo c a t io n s  where 
th e  e l e c t r o n  beam was d i r e c te d  d u rin g  X -ray m ic ro a n a ly s is .  P a llad iu m - 
t i n  i s  a l s o  c a p a b le  o f  form ing a number o f i n t e r m e ta l l i c  compounds. The 
t i n  r i c h  compound, PdSn^, w i l l  form in  s o ld e r  a p p lie d  to  p a llad iu m  sub­
s t r a t e s .  F ig u re  35 shows a few d isp e rs e d  in t e r m e ta l l i c  compounds in  a
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F ig u re  28. 1120X -  P ero x id e  and N i ta l  E tch
AuSn4  i n t e r m e t a l l i c  compounds formed 
in  a 60/40 s o ld e r  mass when a p p lie d  to  
a  p u re  g o ld  p la te d  s u b s t r a te .
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F ig u re  29. 1400X -  P e ro x id e  and N i ta l  E tch
The p l a t e  l i k e  AuSn^ compounds a r e  shown 
in  v a r io u s  o r i e n t a t i o n s .
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F ig u re  30. 1400X -  P e ro x id e  and N i t a l  E tch  
AggSn in t e r m e t a l l i c  compounds formed in  
a  50/40 s o ld e r  w hich was a p p l ie d  to  a 
p u re  s i l v e r  s u b s t r a t e .
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Figure 31. 2800X - Peroxide and Nital Etch
AggSn intermetallic compounds in a mass
of 60/40 solder.
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F ig u re  32. 1400X -  P e ro x id e  and N i ta l  E tch
60/40  s o ld e r  a p p l ie d  to  a pure p la tin u m  
s u b s t r a t e .  P tSn^ in t e r m e t a l l i c  compounds 
form ed a t  th e  i n t e r f a c e .
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F ig u re  33. 8400X -  P e ro x id e  and N i ta l  E tch
A more m a g n ified  view  o f F ig u re  32 
and th e  PtSn,com pounds form ed a t  th e  
i n t e r f a c e  o f  60/40 s o ld e r  a p p l ie d  to  
a  p u re  p la tin u m  s u b s t r a t e .
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F ig u re  34. 11,200X -  P e ro x id e  and N i ta l  E tch
An i s o l a t e d  P tSn^ i n t e r m e t a l l i c  compound 
form ed in  a  60/40  s o ld e r  mass rem ote  from 
th e  in t e r f a c e .
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F ig u re  35. 1260X -  P e ro x id e  and N i t a l  E tch
PdSn^ in t e r m e t a l l i c  compounds form ed in  
a  60 /40  s o ld e r  mass when a p p lie d  to  a 
p u re  p a lla d iu m  s u b s t r a t e .
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60/40  s o ld e r  f i l l e t .  E n la rg ed  v iew s o f  ty p i c a l  exam ples o f  th e  i n t e r ­
m e ta l l i c  compounds a r e  shown in  F ig u re s  36 and 37.
N ick e l i s  commonly used  a s  a  d i f f u s io n  b a r r i e r  f o r  copper 
s u b s t r a t e s  w hich a r e  g o ld  p la te d  f o r  u se  in  co n n ec to r a p p l i c a t io n s .  The 
n ic k e l  i s  in ten d ed  to  re d u c e  d i f f u s io n  o f copper th ro u g h  th e  g o ld  p la t in g  
and , th e re b y , m a in ta in  a  s t a b l e  and low r e s i s ta n c e  c o n ta c t  s u r f a c e .  The 
f u n c t io n  o f  th e  go ld  i s  to  p ro v id e  a  non -deg rad ing  s o ld e r a b le  s u r fa c e .
The n a tu re  o f th e  s e p a ra te  r o l e s  o f  th e s e  la y e r s  w i l l  be  d is c u s s e d  in  
some d e t a i l  l a t e r .  H ere i t  i s  n o te d  th a t  n ic k e l  i s  n o t immune from 
r e a c t io n  w ith  s o ld e r .  The t i n  r i c h  in t e r m e t a l l i c  compound NigSn^ forms 
p r im a r i ly  a long  th e  s o ld e r  s u b s t r a t e  boundary as  shown in  F ig u re  38.
The sam ple shown was h e a v i ly  e tc h e d , r e s u l t in g  i n  a  le d g e  betw een  th e  
s u b s t r a t e  n ic k e l  p la t in g  and th e  s o ld e r  f i l l e t .  The b lo c k y  p a r t i c l e s  
shown in  g r e a te r  d e t a i l  i n  F ig u re s  39 and 40 a r e  N i^Sn^. Some o f  th e  
p a r t i c l e s  in  F ig u re  38 ap p ea r to  show hexagonal symmetry, su g g e s tin g  
co p p er (CugSng) c o n ta m in a tio n . However, NigSn^ i s  r e p o r te d  to  be  
m o n o c lin ic  (11) and th e  shape o f  th e  i s o la te d  p a r t i c l e  shown in  F ig u re s  
41 and 42 d em o n stra te  a n g le s  w hich co u ld  g e n e ra te  e x t e r n a l  s u r fa c e s  
w hich ap p ea r h ex ag o n a l.
I ro n  and i r o n  based  a l lo y s  a r e  g e n e ra l ly  u sed  as  c o n ta in e r s  f o r  
m o lten  s o ld e r  in  com m ercial s o ld e r in g  equipm ent and a s  i n e r t  p la t in g s  to  
p re v e n t s o ld e r  a t t a c k .  The m ost f a m i l i a r  o f th e  l a t t e r  c l a s s  a r e  iro n  
p la te d  s o ld e r in g  t i p s .  I r o n - t i n  i n t e r m e t a l l i c  compounds w ere in  th e  
f i l l e t s  and a t  th e  in t e r f a c e  o f  60/40  s o ld e r  a p p l ie d  to  p u re  n ic k e l  
s u b s t r a t e s .  F ig u re  43 shows exam ples o f  compound fo rm a tio n  in  b o th  
r e g io n s .  The n ea r s u r f a c e  compounds, shown in  more d e t a i l  in
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F ig u re  35. 7000X -  P e ro x id e  and N i ta l  E tch
PdSn, i n t e r m e t a l l i c  compound form ed in  a 
mass o f 60/40 
i n t e r f a c e .
s o ld e r  rem ote from th e
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F ig u re  37. 7000X -  P e ro x id e  and N i ta l  E tch
A PdSn^ in t e r m e t a l l i c  compound in  
a mass o f 60 /40  s o ld e r .
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F ig u re  38 . 2800K -  P e ro x id e  and N i ta l  E tch
60/40  s o ld e r  a p p l ie d  to  a  p u re  n ic k e l  
s u b s t r a t e .u s in g  a hand s o ld e r in g  i r o n .  
NigSn^ in t e r m e t a l l i c  compounds form ed 
n e a r  th e  i n t e r f a c e .
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F ig u re  39 . 9800X -  P e ro x id e  and  N i ta l  E tch
The b locky  p a r t i c l e s  n e a r  th e  in t e r f a c e  
as shown in  F ig u re  38 a re  Ni^Sn^ i n t e r -  
m e ta l l i c  compounds w hich fo rm ed .d u rin g  
s o ld e r in g .
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F ig u re  40 . 11,200% -  P e ro x id e  and N i ta l  E tch
A m ag n ified  a r e a  o f  F ig u re  39 o f  th e  
NigSn^ in t e r m e t a l l i c  compounds.
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F ig u re  41. 1400X -  P e ro x id e  and N i ta l  E tch
An i s o la t e d  NigSn^ i n t e r m e t a l l i c  compound.
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F ig u re  42. 7000X -  P ero x id e  and N i ta l  E tch
A m a g n ified  a r e a  o f  F ig u re  41 o f  th e  
NigSn^ in t e r m e t a l l i c  compound.
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F ig u re  43. 280X -  P e ro x id e  and N i ta l  E tch
I n t e r m e ta l l i c  compounds c o rre sp o n d in g  to  
FeSng + 1 a /o  % n ic k e l .  A hand s o ld e r in g  
i r o n  was u sed  d u rin g  s o ld e r in g .
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F ig u re s  44 and 45 , c o n ta in e d  t i n  and i ro n  in  a tom ic  p ro p o r tio n s  c o r r e s ­
ponding to  FeSng. T h is  i s  th e  t i n  r i c h  i n t e r m e t a l l i c  compound re p o r te d  
to  have a  body c e n te re d  t e t r a g o n a l  s t r u c t u r e  (1 2 ) .  A low le v e l  o f 
n ic k e l  c o n ta m in a tio n  ( l e s s  th a n  one a tom ic p e rc e n t)  was d e te c te d  in  th e  
i n t e r f a c i a l  compound.
The m ass iv e  compound c l u s t e r  seen  in  th e  f i l l e t  i n  F ig u re  43 i s  
shown a t  h ig h e r  m a g n if ic a t io n  in  F ig u re  46. EDS a n a ly s i s  re v e a le d  t i n ,  
i ro n  and n ic k e l  i n  a to m ic  p ro p o r t io n s  2 0 :1 0 :1 . A p p a re n tly  th e  compound 
FeSn^ was form ed in  a  f i l l e t  o f  60/40 s o ld e r  a p p l ie d  to  a  copper sub­
s t r a t e ,  as shown in  F ig u re  47 . The i r o n  was p ro b a b ly  in c o rp o ra te d  as  a
con tam inan t in  th e  s o ld e r .  CugSn^ compounds a r e  a l s o  shown in  th e  
m ic ro g rap h . A p a r t i c l e  o f FeSng was a ls o  n o te d  in  a  f i l l e t  o f th e  
a n tim o n ia l s o ld e r .  The p a r t i c l e  shown in  F ig u re  48 was a ls o  most 
p ro b ab ly  form ed from  co n tam in a n ts  i n  th e  s o ld e r .
C ontam inan ts in  s o ld e r s  a r e  c a p a b le  o f  in d u c in g  in t e r m e t a l l i c  
compound fo rm a tio n . F ig u re  49 shows a  p l a t e l i k e  p a r t i c l e  h av ing  a  
co m p o sitio n  w hich c o rre sp o n d ed  to  As^Sn^. The compound was formed in  a
60/40 s o ld e r  f i l l e t  a p p l ie d  to  a  copper s u b s t r a t e .  The hexagona l
p a r t i c l e  shown in  th e  pho tom icrog raph  i s  GugSn^. A rse n ic  was p ro b ab ly  
an im p u r ity  in  th e  s u b s t r a t e .
I n t e r m e t a l l i c  compound fo rm a tio n  in v o lv in g  antim ony i s  p o s s ib le  
in  a n t im o n ia l s o ld e r s .  The a n t im o n y - tin  system  does n o t p r e d ic t  any 
in t e r m e t a l l i c  compound fo rm a tio n  (Appendix A ). The 0 ' ph ase  i s  c e n te re d  
on th e  co m p o sitio n  SbSn, w ith  a t o t a l  3 and S ' co m p o sitio n  ran g e  ex ten d ­
ing  from  a p p ro x im a te ly  Sb2 Sng to  Sb?Sn. The c r y s t a l  s t r u c t u r e  i s  rhom- 
b o h ed ra l w ith  n e a r ly  o r th o g o n a l a x e s . The co m p o sitio n s  o f a n tim o n ia l
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Figure 44. 2800X - Peroxide and Nital Etch
The near surface compounds shown, in
Figure 43.
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F ig u re  45. 1400X -  P e ro x id e  and N i ta l  E tch
A FeSn2  +  1 a/o% n ic k e l  compound n ea r 
th e  s u b s t r a t e  and s o ld e r  mass in t e r f a c e .
6 0
F ig u re  46 . I40QX -  P e ro x id e  and N i ta l  E tch
The m assive  compound shown in  F ig u re  43 
i s  shown a t  h ig h e r  m a g n if ic a tio n .  EDS 
a n a ly s i s  re v e a le d  a tom ic  p ro p o r tio n s  o f 
S n :F e;N i o f 2 0 :1 0 :1 .
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F ig u re  47. 3080X -  P e ro x id e  atid N i ta l  E tch
The m assive  compound i s  FeSUg.
The in t e r m e t a l l i c  compound i s  p r e d ic te d  
by th e  Fe-Sn b in a ry  phase  d iagram .
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F ig u re  48. 1400X -  P e ro x id e  and N i ta l  E tch
An FeSng intermetallic compound in an
antimonial solder mass.
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F ig u re  49. 4200X -  P ero x id e  and N i t a l  E tch
The hexagona l s t r u c t u r e  i s  CugSng 
and th e  r e c ta n g u la r  s t r u c t u r e  i s  
A s2Sn3.
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s o ld e r s  a r e  b a lan ced  so th a t  th e  an tim ony c o n te n t w i l l  n o t exceed th e  
s o l id  s o l u b i l i t y  l i m i t  in  t i n  (a p p ro x im a te ly  th r e e  a tom ic o r  w e ig h t 
p e r c e n t ) .  P r e c ip i t a t i o n  o f  s u f f i c i e n t  t in - b a s e d  in t e r m e t a l l i c  compounds 
was c a p a b le  o f  r a i s in g  th e  e f f e c t iv e  an tim ony c o n c e n tra t io n  in  th e  a n t i ­
m o n ia l s o ld e r  used  in  t h i s  s tu d y . The r e s u l t  was th e  fo rm a tio n  o f  S ’ a t  
a  c o m p o sitio n  co rresp o n d in g  to  Sb2 Sng.
F ig u re s  50 and 51 show th e  ap p ea ran ce  o f S ' in  an a n tim o n ia l 
s o ld e r  f i l l e t  formed on a  b ra s s  s u b s t r a t e  and su b se q u en tly  aged f o r  a 
week a t  100°C. F ig u re s  52 and 53 show S ’ in  an  a n tim o n ia l s o ld e r  form ed 
on a  g o ld  p la te d  s u b s t r a t e .  In  b o th  c a s e s ,  c o n s id e ra b le  i n t e r m e t a l l i c  
compound fo rm a tio n  (CugSn^ and AuSn^) was n o te d  e lsew here  in  th e  a l lo y .  
A p p a re n tly  th e s e  d e p le te d  th e  t i n  c o n te n t  o f  th e  a l lo y  f a c i l i t a t i n g  th e  
fo rm a tio n  o f  SbgiSn^.
I t  h as  been r e p o r te d  p e r io d i c a l ly  t h a t  d i f f i c u l t i e s  have been  
en co u n te red  w ith  a n tim o n ia l s o ld e r s  a p p l ie d  to  z in c  b e a r in g  s u b s t r a te s  
( 1 3 ) .  L ik ew ise , th e  u se  o f  antim ony i n  s o ld e r s  has been  s u sp e c t b ecau se  
o f  a  supposed in c re a se d  d i s p o s i t i o n  tow ard  in t e r m e t a l l i c  compound f o r ­
m a tio n . T here  a r e  no known in t e r m e t a l l i c  compounds o f  t i n  and z in c  and 
none w ere o b se rv ed . However, th e  an tim ony  z in c  system  i s  c a p a b le  o f  
p ro d u c in g  two compounds: 6  -  SbZn and e -  SbgZn^ b o th  o f  w hich a r e  
s t a b l e  a t  room te m p e ra tu re . T h e ir  s t r u c t u r e s  a r e  o rthorhom bic and 
m o n o c lin ic  o r  hexagonal r e s p e c t iv e ly .
F ig u re  54 shows th e  a n tim o n ia l s o ld e r  a p p lie d  to  a  p u re  z in c  
s u b s t r a t e .  A th in  i n t e r f a c i a l  l a y e r  o f  b lo c k y , an tim o n y -z in c  compounds 
was n o te d . The a n g u la r  p a r t i c l e s  i n  th e  s o ld e r  f i l l e t  rem ote from  th e  
s u b s t r a t e  w ere id e n t i f i e d  as  SbgZn^. O ther exam ples o f  t h i s  compound 
a r e  shown in  F ig u re s  55 and 56.
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F ig u re  50 . 1400X -  P e ro x id e  and N i ta l  E tch
A ntim on ial s o ld e r  a p p lie d  to  a  b ra s s  
and aged f o r  7 days a t  1G0°C. The 
cu b ic  a p p e a rin g  a re a s  co rresp o n d  to  
SbgEUg by EDS and WDS.
6 6
Figure 51. 5600X - Peroxide and Nital Etch
A magnified area of Figure 50.
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F ig u re  52. 1400X -  P e ro x id e  and N i ta l  E tch
Sb^Sng fo rm a tio n  in  an a n tim o n ia l s o ld e r  
mass a p p l ie d  to  a  2 .5  m icron go ld  p la te d  
te rm in a l p in .
6 8
Figure 53. 12,600X - Peroxide and Nital Etch
a magnified view of the
compound shown in Figure 52..
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F ig u re  54 . 150X -  P e ro x id e  and N i ta l  (2%) E tch
A ntim onial s o ld e r  a p p l ie d  to  a  p u re  
z in c  s u b s t r a t e .  The sam ple was aged 
f o r  n in e  m onths a t  room te m p e ra tu re .
70
F ig u re  55. 840X -  P e ro x id e  and N i ta l  (2%) E tch
A ntim on ia l s o ld e r  a p p lie d  to  a  pu re  
z in c  s u b s t r a t e .  The compounds shown 
i n .th e  s o ld e r  m ass, rem ote from  th e  
i n t e r f a c e ,  co rrespond  to  Sb,Z n^. These 
compounds w ere formed w ith  f r e s h ly  
p rep a red  j o i n t s .
71
F ig u re  56. 560X -  P e ro x id e  and N i ta l  (2%) E tch
An enla.rgem ent o f th e  a r e a  shown in  
F ig u re  55. The compounds shown 
co rresp o n d  to  Sb^Zn^.
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F ig u re  57. 560X -  P e ro x id e  and N i ta l  (2%) E tch
The a n tim o n ia l s o ld e r  mass shown in  
F ig u re  54 , rem ote from  th e  i n t e r f a c e .
The i n t e r m e t a l l i c  compounds shown 
co rre sp o n d  to  SbZn. The sam ple was aged 
f o r  n in e  m onths a t  room te m p e ra tu re .
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The sam ple shown in  F ig u re  34 was aged a t  room te m p e ra tu re  f o r  
about n in e  m onths. The a g in g  tre a tm e n t r e s u l t e d  in  th e  fo rm a tio n  o f  
SbZn compounds as  shown in  F ig u re  57. These compounds w ere n o t  n o ted  
w ith in  a  few weeks o f  a p p ly in g  th e  a n tim o n ia l s o ld e r  to  th e  z in c  s u b s t r a te .
CHAPTER I I  
SOLDERING TO GOLD PLATED SUBSTRATES 
In tro d u c t io n
Gold p la te d  te rm in a ls  and co n n ec to rs  a r e  employed in  th e  
e l e c t r o n ic s  and com m unication in d u s t r i e s  b eca u se  o f t h e i r  s t a b l e ,  
low r e s i s t a n c e  and n o n co rro d in g  p r o p e r t i e s .  Copper b ased  a l lo y s  a re  
f r e q u e n t ly  used  f o r  th e  b a se  m a te r ia l ,  w ith  a n ic k e l  l a y e r  a p p l ie d  as 
a d i f f u s io n  b a r r i e r  a g a in s t  s u b s t r a te  e ro s io n  by th e  l i q u i d  and f i l l e t  
co n tam in a tio n  a f t e r  ex ten d ed  p e r io d s  su b seq u en t to  s o ld e r in g .  The gold  
c o a tin g s  a r e  u s u a l ly  a p p l ie d  a s  a  s o f t  g o ld  s t r i k e  fo llo w ed  by a  c o b a l t  
hardened p la t in g  to  r e s i s t  a b ra s iv e  w ear d u r in g  h a n d lin g  and u s e . T his 
i s  p a r t i c u l a r l y  im p o r ta n t f o r  co n n ec to r p in s  w hich a r e  s u b je c t  to  connec t- 
d isc o n n e c t c y c le s  and to  w hich le a d  w ires  m ust be  s o ld e re d .
S o ld e r in g  to  g o ld  p la te d  s u r fa c e s  w ith  s o f t  s o ld e r s  can  produce 
unexpected  r e s u l t s .  A lthough th e  gold  i s  v e ry  e a s i l y  w e tte d  by t i n - l e a d  
based s o ld e r s  th e  p erfo rm ance  o f  th e  j o i n t s  i s  o f te n  d is a p p o in t in g .
S o lder c o n n e c tio n s  showing m echan ica l w eakness and u n r e l i a b le  e l e c t r i c a l  
perform ance a r e  commonly e x p e rie n c e d . The c o n n e c tio n s  o b ta in e d  w ith  
gold  p la te d  s u b s t r a t e s  have been re p o r te d  to  p roduce  j o i n t s  w hich appear 
"co ld "  even though ad e q u a te  s o ld e r in g  te m p e ra tu re s  have been  a ch iev ed .
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A co ld  j o i n t  t y p i c a l l y  has an ap p ea ran ce  s im i la r  to  th a t  o f F ig u re  58.
The e le c t r o n  m icrog raph  shows th e  s o ld e r  f i l l e t  a d ja c e n t to  th e  te rm in a l 
p in  in  a  m u l t i la y e re d  c i r c u i t  b o a rd . The r e l i a b i l i t y  and b r i t t l e  c h a ra c te r  
o f  such j o i n t s  have been  d e s c r ib e d  by s e v e r a l  a u th o rs  (14, 15, 1 6 ).
I t  i s  now w e ll  a c c e p te d  in  th e  l i t e r a t u r e  th a t  th e  so u rce  o f th e  
problem  i s  th e  e a se  w ith  w hich in t e r m e t a l l i c  compounds o f go ld  and t i n  
form in  m olten  and s o l id  s o ld e r s .  However, th e  p ro c e sse s  w hich le a d  to  
compound fo rm a tio n  and d e g ra d a tio n  o f  th e  j o i n t  a r e  n o t u n iv e r s a l ly  
acknow ledged.
The d i s s o lu t io n  r a t e s  o f  p u re  m e ta ls  commonly used  as  s o ld e r -  
a b le  s u b s t r a te  c o a t in g s  have been  in v e s t ig a te d  by Bader (1 7 ) . The 
r e s u l t s  o f th e s e  s tu d ie s  d em o n stra te  t h a t  go ld  d is s o lv e s  q u ic k e r  th an  
s i l v e r , p a llad iu m , c o p p e r, n i c k e l ,  and p la tin u m  in  60/40 s o ld e r  a t  a l l  
te m p e ra tu re s . At t y p i c a l  s o ld e r in g  te m p e ra tu re s , in  th e  neighborhood o f 
200°C, th e  r a d i a l  d i s s o lu t i o n  r a t e  was found to  be abou t 1 m icron  p e r  
second . O ther in v e s t ig a to r s  have r e p o r te d  d i s s o lu t io n  r a t e s  a s  h ig h  as  
10 m icrons p e r  second (1 8 ) . The re s id e n c e  tim es a t  s o ld e r in g  tem pera­
tu r e s  commonly used  in  mass p ro d u c tio n  o p e ra t io n s  would be p re d ic te d  to  
d is s o lv e  go ld  p la t in g s  th in n e r  th a n  3 m ic ro n s .
N onm eta llic  im p u r i t i e s  i n  h ard  go ld  p la t in g s  have been  observed  
by M unier (1 9 ) . These w ere found to  be carbonaceous in  c h a ra c te r  and 
w ere b e lie v e d  to  be produced by th e  p la t in g  p ro c e s s .  The p r in c ip a l  
m a te r ia l  m ost p ro b ab ly  i s  a  polym er c o d e p o s ite d  from th e  cy an id e  p la t in g  
b a th .  I n v e s t ig a t io n s  o f  th e  p la t in g  p a ram ete rs  w hich a f f e c t  th e  amount 
o f co d e p o s ite d  polym er have been  made by H o lt and S tanyer (2 0 ) , and th e  
mechanisms w hich produce th e  polym er have been s tu d ie d  by Cohen, W est, 
and A n tle r  (2 1 ).
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F ig u re  58 . 85X
A 60/40  s o ld e r  mass a p p lie d  to  a  2 .5  
m icron  th ic k  g o ld  p la te d  te rm in a l p in .  
The appearance  o f  t h i s  j o i n t  i s  ty p i c a l  
o f  a  "c o ld "  s o ld e r  j o i n t  as  ev idenced  
by th e  c ra c k in g .
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E x p erim en ta l
The s tu d ie s  re p o r te d  h e re  in v o lv e  th e  in v e s t ig a t io n  o f  
s t r u c t u r e s  p roduced  when 60/40 s o ld e r  was a p p l ie d  to  g o ld  p la te d  te rm i­
n a l  p in s .  The s o ld e r  was o b ta in e d  a s  a  p refo rm ed  r in g  w hich was s iz e d  
to  f i t  th e  0 .025  in c h  sq u a re  (c ro s s  s e c t io n )  p in s .  The te rm in a ls  were 
f a b r ic a te d  from  92% copper -  8 % n ic k e l  a l lo y  p re p a re d  w ith  th e  n ic k e l ,  
s o f t  and h a rd  go ld  f i n i s h  d e sc r ib e d  above. T h ree  d i f f e r e n t  th ic k n e s s e s  
o f  go ld  p l a t i n g ,  0 .5 ,  2 .5 ,  and 25 m ic ro n s , w ere s tu d ie d .  P la t in g  was 
c a r r i e d  o u t i n  a  S e lre x  Cl ( c o b a l t  hard en ed ) s o lu t i o n .  S o ld e rin g  was 
accom plished  in  an  i n d u s t r i a l  c o n d e n sa tio n  a p p a ra tu s  w hich m a in ta in ed  a  
c o n s ta n t  te m p e ra tu re  o f  215*C and f ix e d  s o ld e r in g  tim e  o f e ig h ty  
s e c o n d s .
I n  o r d e r  to  c o n v e n ie n tly  h a n d le  th e  sm a ll sam ples, th e  s o l ­
d e red  te rm in a l  p in s  w ere mounted in  l u c i t e  o r  Koldmount acc o rd in g  to  
s ta n d a rd  m e ta l lo g ra p h ic  p r a c t i c e .  The h e a t in g  c y c le s  a s s o c ia te d  w ith  
each  o f  th e  m ounting p ro ced u res  w ere e s tim a te d  to  be e q u iv a le n t  to  1  o r  
2 months a g in g  a t  room te m p e ra tu re . Samples w hich w ere examined in  
c ro s s  s e c t io n  w ere w et p o lish e d  and e tch ed  in  eq u a l p a r t s  o f  3% ^2^2 
NH4 OÏÏ ( c o n c .) .  Subsequent tre a tm e n t o f  2% n i t a l  was found to  enhance 
th e  r e l i e f  betw een in te rm e t a l l i c  compounds and th e  g phase  in  th e  m a tr ix .
R e s u lts  and D isc u ss io n
F ig u re  59 i s  an  o p t i c a l  m ic ro g rap h  showing an  o v e r a l l  view  o f 
a  t y p i c a l  s o ld e r  j o i n t  a p p l ie d  to  a  te rm in a l  h av in g  a  0 .5  m icron  gold  
p la t in g .  The s o ld e r  shows good w e tt in g  o f  th e  te rm in a l  p in  ( a t  th e  top  
o f  th e  s o ld e r  f i l l e t )  and th e  ex p ec ted  n e a r - e u t e c t i c  m ic ro s t ru c tu r e  in
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F ig u re  59 . 50X -  P e ro x id e  E tch
A 60/40 s o ld e r  mass a p p l ie d  to  a .5 
m icron  th ic k  go ld  p la te d  te rm in a l  p in  
to  co n n ec t th e  te rm in a l to  th e  p r in te d  
c i r c u i t  b o a rd . ( 1 ) te rm in a l  p in ,
(2) s o ld e r  f i l l e t ,  (3) copper la n d .
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th e  s o ld e r  m ass. T h is  i s  th e  same j o i n t  d e s c r ib e d  e a r l i e r  w ith  r e f e r e n c e  
to  F ig u re  8 . The lo c a t io n s  o f th e  te rm in a l  p in ,  s o ld e r  f i l l e t  and lan d  
a re a  o f  th e  p r in te d  c i r c u i t  board  a re  in d ic a te d  by numbers on th e  pho to­
g raph .
F ig u re  60 i s  an  o p t i c a l  m icrog raph  showing a  60/40  s o ld e r  
f i l l e t  form ed on a  te rm in a l  p in  hav ing  a  25 m icro n  h a rd  g o ld  p la t in g .
The s o ld e r  mass i s  g e n e r a l ly  porous and shows e x te n s iv e  in t e r m e ta l l i c  
compound fo rm a tio n . F ig u re s  61 and 62 show c l o s e r  v iew s o f  th e  r i g h t  
s id e  o f  th e  f i l l e t .  S o ld e r j o i n t s  a p p l ie d  to  th i c k ,  h a rd  g o ld  c o a tin g s
u s u a l ly  show f i l l e t s  o f  t h i s  same c h a r a c te r .
D e ta i le d  ex am in a tio n  o f  th e  a d h e s io n  o b ta in e d  a t  th e  top o f  
th e  s o ld e r  f i l l e t  i n  F ig u re s  60 and 63 d e m o n s tra te s  th e  phenomenon o f 
d e w e tt in g . The s o ld e r  i s  seen  to  be d e tach ed  from  th e  g o ld  p la t in g  on 
th e  te rm in a l  p in .  H ard ing  and P r e s s ly  (22) have o b se rv ed  th e  s o ld e r  to  
i n i t i a l l y  w et g o ld  s u r f a c e s  and th e n  draw back  le a v in g  a  rough ap p ea rin g
f i l l e t .  E tc h in g  th e  sam ple shown in  F ig u re  63 r e s u l t e d  in  th e  s t r u c tu r e
re v e a le d  in  F ig u re  64. H ere a  m assive  acc u m u la tio n  o f  AuSn^ in t e r m e ta l l i c .  
compounds may be n o te d  in  th e  dew etted  r e g io n .  F ig u re s  65 and 6 6  a re  
o p t i c a l  m ic ro g rap h s  showing a n o th e r  example o f  l a r g e  s c a le  d ew ettin g  
a s s o c ia te d  w ith  m a ss iv e  AuSn^ in t e r m e t a l l i c  compound fo rm a tio n . F ig u re s  
67, 6 8 , and 69 a r e  SEM m icro g rap h s o f  60/40 s o ld e r  a p p l ie d  to  a  th ic k ,  
hard  g o ld  co a ted  te rm in a l .  The gap betw een th e  s u b s t r a t e  and AuSn^ 
in t e r m e t a l l i c  compound la y e r  i s  im m ediate ly  o b v io u s .
Comm ercial p ro d u c e rs  o f  so ld e re d  p ro d u c ts  in v o lv in g  go ld  
p la te d  s u b s t r a t e s  hav e , f o r  some tim e , re c o g n iz e d  t h a t  j o i n t  r e l i a b i l i t y  
was somehow a s s o c ia te d  w ith  th e  th ic k n e s s  o f th e  g o ld  c o a t in g s .  P la te d
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F ig u re  60 . 5OX -  P e ro x id e  E tch
Â 60/40 s o ld e r  mass a p p l ie d  to  a  25 
m icron  th ic k  go ld  p la te d  te rm in a l  p in  
in  a  p r in te d  c i r c u i t  b o a rd . E x ten s iv e  
i n t e r m e t a l l i c  compounds and e x c e ss iv e  
p o r o s i ty  a re  e v id e n t .  D ew etting n e a r  
th e  top of th e  f i l l e t  i s  a lso  é v id e n t .
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F ig u re  61. 200X -  P e ro x id e  E tch
An a re a  o f th e  s o ld e r  f i l l e t  shown in  
F ig u re  60 . The sam ple was aged fo r  
7 days a t  100°C.
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F ig u re  62. 200X -  P e ro x id e  and N i ta l  (2%) E tch
M assive and e x c e s s iv e  i n t e r m e t a l l i c  
compounds o f  AuSn, a re  o b se rv ed  in  
th e  60/40 s o ld e r  r i l l e t .
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F ig u re  63. 200X -  P e ro x id e  E tch
60/40 s o ld e r  a p p l ie d  to  a  2 .5  m icron  
th ic k  go ld  p la te d  te rm in a l  p in  f o r  
c o n n e c tio n  to  a  copper la n d  o f  a 
p r in te d  w ir in g  b o a rd . P o r o s i ty  i s  
e v id e n t in  th e  s o ld e r  f i l l e t  and 
d e w e ttin g  ap p ea rs  n e a r  th e  to p  o f  
th e  f i l l e t .
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F ig u re  64 . 200X -  P e ro x id e  and N i ta l  (2%) Etch.
The same a re a  shown in  F ig u re  63 
a f t e r  n i t a l  e tc h in g .  The p resen ce  
o f AuSn^ in t e r m e t a l l i c  compounds 
i s  e v id e n t .
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F ig u re  65, 200X -  P ero x id e  E tch
The same s o ld e r  f i l l e t  shown in  
F ig u re s  63 and 64 b e fo re  th e  n i t a l  
e t c h .  The a re a  shown r e v e a ls  
d e w e ttin g  n e a r  th e  top  o f th e  f i l l e t .
8 6
F ig u re  66. 200X -  P e ro x id e  and N i ta l  (2%) E tch
The same a re a  shown in  F ig u re  65 
a f t e r  n i t a l  e tc h in g .  Dense and m assive 
in t e r m e t a l l i c  compounds a r e  shown in  
th e  dew etted  a r e a .
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F ig u re  67. 70X -  P e ro x id e  and N i ta l  (2%) E tch
An SEM m icro g rap h  o f  th e  s o ld e r  f i l l e t  
shown in  F ig u re s  63, 64 , 65 and 66.
The p o r o s i ty  and in t e r m e t a l l i c  
compounds a re  e v id e n t .
8 8
F ig u re  68. 140X -  P e ro x id e  and N i ta l  (2%) E tch
An SEM m icrograph  o f th e  dew etted  
a r e a  shown in  th e  o p t i c a l  m icrog raphs 
o f  F ig u re s  65 and 66.
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F ig u re  69. 1400X -  P e ro x id e  and N i ta l  (2%) E tch
An SEM m ic ro g rap h  o f  th e  a r e a  shown 
in  F ig u re  68 . D ew etting  i s  c l e a r ly  
e v id e n t  and e x c e s s iv e  and dense 
i n t e r m e t a l l i c  AuSn^ compounds a re  
o b se rv e d .
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la y e r s  th in n e r  th a n  I  o r  2 m icrons g e n e r a l ly  produced t ro u b le  f r e e  
j o i n t s .  As th e  p la t in g  th ic k n e s s  was in c re a s e d  th e  g o ld  d id  n o t  f u l l y  
d is s o lv e  in  th e  s o ld e r  and e m b ritt le m e n t r e s u l t e d .  The c o n tin u in g  tre n d  
tow ard m ic ro e le c tro n ic s  w i l l  u n d o u b ted ly  red u ce  th e  a c c e p ta b le  th ic k n e s s  
o f g o ld  c o a t in g s .  As th e  s o ld e r  f i l l e t s  become sm a lle r  th e y  w i l l  more 
e a s i l y  s a t u r a t e  w ith  go ld  and open c i r c u i t s  caused  by com ple te  d e ta c h ­
ment o f  d ew etted  p a r t i c l e s  o f  s o ld e r  a r e  p r e d ic ta b le .
F ig u re  70 i s  an SEM m ic ro g rap h  showing d ew e ttin g  o f  th e  top  o f  
a  s o ld e r  f i l l e t .  A f e a th e ry  fo rm a tio n  o f  AuSn^ in t e r m e t a l l i c  compound 
i s  seen  grow ing o u t o f th e  p la t in g  on th e  l e f t  s id e  o f  th e  m ic ro g rap h .
A t h i n ,  com pact la y e r  o f g o ld - t i n  i n t e r m e t a l l i c  i s  a l s o  v i s i b l e  in  th e  
s o ld e r  mass and a t  th e  d e tach ed  b o u n d ary . T h is  la y e r  i s  d em o n stra ted  by 
th e  c o rre sp o n d in g  X -ray  map o f g o ld  shown i n  F ig u re  71 . The map a ls o  
shows t h a t  th e  g o ld  p la t in g  had n o t  co m p le te ly  d is s o lv e d  from  th e  p in  in  
th e  d ew etted  a r e a .
F ig u re  72 shows an  a r e a  i n  th e  t h i c k  re g io n  o f  a  s o ld e r  f i l l e t  
a p p l ie d  to  a  25 m icron  g o ld  p la te d  te rm in a l ,  a s  seen  in  F ig u re s  60, 61, 
and 62. A la y e r  o f  g o ld - t in  i n t e r m e t a l l i c  compound had form ed and 
became d e ta c h e d  from th e  g o ld  p la te d  s u b s t r a t e .  X -ray  m ic ro a n a ly s is  
in d ic a te d  t h a t  th e  com p o sitio n  o f  th e  l a y e r  co rresp o n d ed  to  AuSn2 .
T h is  i s  th e  same co m p o sitio n  n o ted  in  th e  d e tach ed  r e g io n  o f  s o ld e r  
shown in  F ig u re  70.
The a d d i t io n  o f  s m a ll am ounts o f  antim ony to  th e  60/40  compo­
s i t i o n  a p p e a rs  to  su p p re ss  th e  fo rm a tio n  o f  AuSn2 . F ig u re  73 shows th e  
in t e r f a c e  r e g io n  w ith in  a  51% Sn -  46% Pb -  3% Sb s o ld e r  f i l l e t  a p p l ie d  
to  a  te rm in a l  hav ing  a  25 m icron  p l a t i n g .  The in t e r m e t a l l i c  compound
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F ig u re  70. 980X -  P e ro x id e  and N i ta l  C2%) E tch
An SEM m icrog raph  showing d ew ettin g  
a t  th e  top  o f  a  s o ld e r  f i l l e t .  The 
ÂuSn4  i n t e r m e t a l l i c  compounds a re  
seen  grow ing o u t o f th e  go ld  p la t in g .  
T h is  i s  an a r e a  n e a r  th e  top o f ,a 
f i l l e t .
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F ig u re  71. 980X -  EDS-X-Ray Mapping o f  Au
An x - r a y  mapping o f  g o ld  in d ic a t in g  
th e  lo c a t io n  o f Au by w h ite  d o ts .  
T h is  mapping co rresp o n d s to  th e  
m icro g rap h  shown in  F ig u re  70. The 
g o ld  p la t in g  on th e  te rm in a l was 
c o m p le te ly  d is s o lv e d  in to  th e  s o ld e r  
mass in  th e  a re a s  th a t  d id  n o t  . 
e x h ib i t  d ew e ttin g .
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F ig u re  72. 1400X -  P e ro x id e  and N i ta l  (2%) Etch.
An SEM m icrog raph  o f th e  d e ta c h e d  
in t e r f a c e  shown in  F ig u re s  60 , 61 and 
62. The co m p o sitio n  o f  t h i s  i n t e r ­
m e ta l l i c  compound la y e r  n e a r  th e  
s u r fa c e  co rresponded  to  AuSUg. The 
g o ld  th ic k n e s s  rem ain ing  a f t e r  
s o ld e r in g  w ith  60/40 f o r  80 seconds 
was 17 m ic ro n s .
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F ig u re  73. 1400X -  P e ro x id e  and N i ta l  (2%) E tch
An SEM m icro g rap h  o f an a n tim o n ia l 
s o ld e r  a p p l ie d  to  a  25 m icron g o ld  
p l a t i n g .  The g o ld  p la t in g  rem ain in g  
a f t e r  an 80 second s o ld e r in g  tim e was 
20 .5  m ic ro n s . I t  i s  e v id e n t th a t  
d e w e ttin g  s im i la r  to  th a t  shown in  
F ig u re  72 d id  n o t o c c u r .
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F ig u re  74. 420X -  P ero x id e  and N i ta l  (2%) E tch
60/40  s o ld e r  a p p lie d  to  a  2 .5  m icron  
go ld  p la te d  te rm in a l p in .  The go ld  
was p la te d  from  a p la t in g  s o lu t io n  
u s in g  c o b a l t  as  a  h a rd e n in g  e lem en t. 
The p o ro s i ty  i s  e v id e n t a lo n g  th e  
 ^ s o ld e r - p la t in g  i n t e r f a c e .
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F ig u re  75. 9800X
The s t r u c t u r e  shown i s  b e l ie v e d  to  be  a 
polym er em erging from  w ith in  a  p o re  in  
a c o b a l t  h a rdened  g o ld  p la t in g .
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la y e r  has n o t s e p a ra te d  from th e  s u b s t r a t e .  X -ray  m ic ro a n a ly s is  in d i ­
c a te d  t h a t  th e  com position  o f t h i s  la y e r  was c lo s e  to  AuSn^ b u t d id  n o t 
co rresp o n d  to  any sim p le  s to ic h io m e try  o f  go ld  and t i n .  Aging f o r  7 
days a t  100®C co n v erted  th e  i n t e r m e t a l l i c  la y e r  to  AuSng and in v a r ia b ly  
produced detachm ent s im i la r  to  F ig u re  72.
E x te n s iv e  p o ro s i ty  was n o ted  in  s o ld e r s  a p p l ie d  to  te rm in a ls  
hav ing  g o ld  p la t in g s  th ic k e r  th a n  0 .5  m ic ro n s . T y p ica l exam ples w ere 
p re s e n te d  in  F ig u re s  60, 63 and 67. The sam ple shown in  F ig u re  60 had 
been  aged f o r  7 days a t  100°C, how ever, such tre a tm e n t would n o t a f f e c t  
th e  p o r o s i ty .  F ig u re  74 shows a  s o ld e r  f i l l e t  a p p lie d  to  a  2 .5  m icron  
g o ld  p la te d  te rm in a l .  The p o r o s i ty  ap p ea rs  to  be a s s o c ia te d  w ith  th e  
s o ld e r - te r m in a l  i n t e r f a c e .  I f  a  c o d e p o s ite d  polym er i s  p roduced in  th e  
h a rd  g o ld  p la t in g ,  th e n  one m ig h t e x p e c t i t s  deco m p o sitio n  in  th e  m o lten  
s o ld e r .  A p p aren tly  th e  q u a n t i t i e s  o f  polym er produced w ith  th i c k  g o ld  
la y e r s  a r e  s u f f i c i e n t  to  c r e a te  th e  p o r o s i ty  commonly o b serv ed  when 
th e s e  te rm in a ls  a r e  s o ld e re d . H ere i t  i s  in t e r e s t i n g  to  n o te  th e  la c k  
o f  p o r o s i ty  o b ta in e d  w ith  th e  0 .5  m icron  gold  c o a tin g  shown in  F ig u re  
59. D ire c t  o b s e rv a tio n  o f th e  polym er was made by M unier who was a b le  
to  i s o l a t e  a  c l e a r  t r a n s p a r e n t  la y e r  co v erin g  th e  e n t i r e  ca th o d e  a re a  o f  
th e  p la t in g  system . O b se rv a tio n s  made d u rin g  t h i s  in v e s t ig a t io n  o f  a  
porous h a rd  go ld  d e p o s it  in d ic a te d  t h a t  polym er had exuded from  w ith in  
th e  c o a t in g .  F ig u re  75 shows an exam ple o f t h i s  o b s e rv a tio n .
CHAPTER I I I  
WETTING OF SUBSTRATES BY SOFT SOLDERS 
In tro d u c t io n
The r a t e s  a t  w hich m o lten  s o ld e r  sp re a d s  on s u b s t r a t e  s u r fa c e s  
and th e  a re a  produced by sp re a d in g  have been used  as a m easure o f s o l -  
d e r a b i l i t y .  I t  i s  now c e r t a i n  t h a t  th e  perfo rm ance o f  th e  s o ld e r  j o i n t  
i s  in  no way r e la t e d  to  sp re a d  r a t e ;  how ever, t h i s  c r i t e r i o n  p e r s i s t s  
becau se  o f  th e  need to  p roduce s o ld e re d  j o i n t s  q u ic k ly  in  com m ercial 
p ro d u c tio n . The th e o r e t i c a l  c o n s id e ra t io n s  govern ing  w e tt in g  o f s o l id  
s u r fa c e s  by m o lten  m e ta ls  was t r e a te d  by W assink (2 3 ); and a s e r i e s  o f 
ex p erim en ts  by B a ile y  and W atkins d em o n stra ted  th e  im p o rtan ce  o f  a l lo y ­
ing  in  a  d i f f u s io n  la y e r  ahead  o f th e  advancing  l i q u id  f r o n t .
I n  th e  ex p erim en ts  d e s c r ib e d  below , th e  sp read  r a t e s  o f 60 /40 , 
63 /37 , and th e  a n tim o n ia l s o ld e r s  on g o ld , co p p er, and b r a s s  s u b s t r a te s  
were com pared. In  a d d i t io n ,  th e  n a tu re  o f  th e  s o l id  and w e tted  a re a s  
a d ja c e n t to  th e  i n t e r f a c e  was examined w ith  th e  SEN and. EDS.
E x p erim en ta l
S o ld e r  p reform s w ere a p p lie d  to  c le a n  s u b s t r a te s  and m e lted  in  
th e  c o n d e n sa tio n  s o ld e r in g  a p p a ra tu s  d e s c r ib e d  e a r l i e r .  Where f lu x  was
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r e q u ir e d ,  a  p r o p r ie t a r y  ch em ica l A lpha 611 (Alpha M e ta ls , Newark, NJ) 
was u se d . T h is  i s  a  m ild ly  a c t iv a t e d  f lu x  o f  a  ty p e  g e n e ra l ly  u sed  f o r  
e l e c t r o n i c  a p p l ic a t io n s .  The s o ld e r in g  te m p e ra tu re  was m a in ta in e d  a t  
215®C and tim es  w ere v a r ie d  from  5 to  80 seco n d s . The a re a s  ov er w hich 
th e  s o ld e r s  sp read  w ere compared q u a l i t a t i v e l y  and th e  c o n ta c t  a n g le  
th ro u g h  th e  s o ld e r  a f t e r  s o l i d i f i c a t i o n  was d e te rm in ed  by c ro s s  se c ­
t io n in g  th e  sam p les.
R e s u lts  and D is c u s s io n
F ig u re  76 shows a  t y p i c a l  s e r i e s  o f  t e s t  sam ples o b ta in e d  f o r  
6 0 /4 0 , 6 3 /3 7 , and th e  a n tim o n ia l s o ld e r s  a p p l ie d  to  f lu x e d  co p p er sub­
s t r a t e s .  The d i f f e r e n c e s  in  a re a s  o v er w hich th e  s o ld e r  had sp re a d  in  a  
5 -second  ex p o su re  p e r io d  s u g g e s t t h a t  th e  w e tt in g  r a t e s  o f  th e  th r e e  
a l lo y s  a r e  somewhat d i f f e r e n t ,  w ith  60/40 g iv in g  th e  h ig h e s t  r a t e  and 
t h e 'a n tim o n ia l  s o ld e r  th e  lo w e s t .  However, th e  a re a s  o b t a i n e d 'a f t e r  an 
80 second r e a c t io n  tim e  on f lu x e d  co p p er s u b s t r a t e s ,  shown in  F ig u re  77 , 
ap p ea r to  b e  ab o u t th e  same. A p p a re n tly  th e  m o lten  s o ld e r  sp re a d s  v e ry  
r a p id ly  u n t i l  i t s  e q u i l ib r iu m  c o n ta c t  a n g le  i s  e s ta b l i s h e d .  The a re a  
o v e r w hich th e  s o ld e r  h a s  sp read  a p p e a rs  to  b e  more l i k e l y  a  fu n c t io n  o f 
th e  amount o f  s o ld e r  a v a i la b l e  to  th e  s u b s t r a t e  r a t h e r  th a n  th e  exposu re  
tim e . The r e s u l t s  o f  t e s t s  conducted  on f lu x e d  c a r t r id g e  b ra s s  sub­
s t r a t e s  a r e  shown in  F ig u re  78. I n  th e s e  t e s t s  th e  60/40 a l lo y  showed 
th e  g r e a t e s t  sp re a d , and th e  63/37  s o ld e r  and a n tim o n ia l a l l o y  w ere 
ab o u t e q u a l .
The r e s u l t s  o f  th e  s o l id  c o n ta c t  a n g le  m easurem ents o f  s o ld e r s  
on copper and b r a s s  s u b s t r a te s  a r e  p re s e n te d  in  T ab le  I .  These d a ta  a r e
1 0 0
F ig u re  76. lOX
S o ld e r preform s w hich w ere re flo w ed  a t  
215 C w ith  a s o ld e r in g  tim e o f 5 seconds 
on a c lean ed  and f lu x e d  pu re  copper 
s u b s t r a t e .  60/40 ( to p )  -  63/37 (m iddle) 
-  a n tim o n ia l (b o tto m ).
1 0 1
ma-m
F ig u re  77 . lOX
S o ld e r  p re fo rm s w hich w ere re flo w ed  a t  
215°C w i th  a  s o ld e r in g  tim e o f 80 seconds 
on a  c le a n e d  and f lu x e d  pu re  copper 
s u b s t r a t e .  - 60 /40  ( to p )  -  63/37 (m idd le)
-  a n tim o n ia l (b o tto m ).
1 0 2
F ig u re  78 . lOX
S o ld e r p refo rm s w hich were re flo w ed  a t  
215°C w ith  a  s o ld e r in g  tim e  o f  80 seconds 
on a  c le a n e d  and f lu x e d  c a r t r id g e  b ra s s  
s u b s t r a t e .  60/40 ( to p ) -  63/37 (m idd le)
-  a n tim o n ia l (b o tto m ).
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TABLE I :  M easurement o f  C o n tac t A ngles
80-Second R eac tio n  Time
Copper S u b s tr a te  B ra ss  S u b s tra te  
60/40 S o ld e r  3 “ 27°
63/37 S o ld e r 13° 35°
A ntim on ial S o ld e r 21° 33°
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c o n s is te n t  w ith  th e  r e s u l t s  o f th e  a re a  sp re a d  t e s t s .  Low c o n ta c t  a n g le  
i s  a s s o c ia te d  w ith  l a r g e  a r e a  o f s p re a d .
The r e s u l t s  o f  s im i la r  a r e a  sp re a d  t e s t s  a r e  p re s e n te d  in  
F ig u re s  79 -83 . H ere s u b s t r a te s  c o a ted  w ith  th i c k  la y e r s  o f  p u re  and 
c o b a l t  hardened  g o ld  w ere compared w ith  and w ith o u t th e  u se  o f  f lu x .
The r e s u l t s  showed th e  g r e a t e s t  a r e a  o f  sp re a d  was o b ta in e d  w ith  th e  
60/40 s o ld e r  and th e  s m a l le s t  w ith  th e  a n tim o n ia l a l l o y .  The e f f e c t s  o f 
f lu x  i s  shown in  F ig u re  82 w here a  copper s u b s t r a t e  was c lean ed  w ith  HCl 
j u s t  p r io r  to  s o ld e r in g .  Chem ical r e a c t io n s  d u rin g  s o ld e r in g  w ith  
v a r io u s  s u b s t r a t e s  and ty p e s  o f f lu x e s  has been  r e p o r te d  in  a  s e r i e s  o f  
p ap e rs  by K ih a ra  (2 4 ) .
The r a t e s  a t  w hich l i q u id  s o ld e r s  wet s u b s t r a t e  s u r fa c e s  can be 
de te rm in ed  by a  d i f f e r e n t  e x p e rim e n ta l te c h n iq u e . The method in v o lv e s  a 
m easurem ent o f  th e  b uoyan t f o rc e  e x e r te d  by a  m o lten  s o ld e r  b a th  on a 
s t r i p  o f  s u b s t r a t e  m e ta l w hich i s  in s e r t e d  to  a  p red e te rm in ed  d e p th .
The r e s u l t s  o f  m easurem ents c a r r i e d  o u t on a s e r i e s  o f  s u b s t r a t e  s u r ­
fa c e s  a r e  in c lu d e d  in  Appendix B.
The com plex n a tu re  o f th e  p ro c e s se s  w hich o c c u r as  th e  advanc­
ing  s o ld e r  i n t e r f a c e  w ets  th e  s u b s t r a t e  i s  d em o n stra ted  by F ig u re  84. 
Here th e  edge o f  a  s o l i d i f i e d  p o o l o f 50/40 s o ld e r  w hich has sp read  on a 
f lu x e d  cop p er s u b s t r a t e  i s  shown in  an e le c t r o n  m icro g rap h . The s o ld e r  
mass ap p e a rs  on th e  l e f t  and th e  co pper s u b s t r a t e  on th e  r i g h t .  P ro ­
e u t e c t i c  a d e n d r i te s  may be no ted  i n  th e  s o ld e r ,  and th e  e tch ed  g r a in  
s t r u c t u r e  o f  th e  s u b s t r a t e  i s  e v id e n t.  The boundary  betw een th e  s o ld e r  
mass and s u b s t r a t e  c o n s i s t  o f  two s e p a ra te  r e g io n s  w hich a re  shown a t  
h ig h e r  m a g n if ic a t io n  in  F ig u re  85. These two re g io n s  appear to
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F ig u re  79 . lOX
S o ld e r p refo rm s w hich w ere re flo w ed  a t  
215°C w ith  a s o ld e r in g  tim e o f  8 0 .seconds 
on a  c le a n e d  and f lu x e d  p u re  gold  
s u b s t r a t e .  60/40 ( to p )  -  63/37 (m idd le)
-  a n tim o n ia l (b o tto m ).
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F ig u re  80 . lOX
S o ld e r p refo rm s which w ere re flo w ed  a t  
215°C w ith  a s o ld e r in g  tim e o f 80 seconds 
on a c le a n e d  and f lu x e d  c o b a l t  hardened 
go ld  p l a t i n g .  60/40 ( to p ) -  63/37 (m idd le) 
-  a n tim o n ia l (b o tto m ).
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F ig u re  81. lOX
S o ld e r  p refo rm s a p p lie d  to  a c o b a l t  
h a rd en ed  go ld  w hich was c lean ed  b u t 
n o t  f lu x e d  p r io r  to  re f lo w in g . 60/40 
( to p )  -  63/37 (m iddle) -  a n tim o n ia l 
(bo ttom ) .
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F ig u re  82. lOX
S o ld er p refo rm s a p p lie d  to  a  copper 
s u b s t r a te  w hich was c le a n e d  w ith  hCI 
b u t n o t  f lu x e d  p r io r  to  re f lo w in g  a t  
215°C. 60/40  ( to p )  -  63 /37  (m iddle)
-  a n tim o n ia l (b o tto m ).
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F ig u re  83.
Comparison o f  sp read  a re a s  on copper 
and g o ld  u s in g  c lean ed  and f lu x e d  
s u b s t r a te s  by re f lo w in g  s o ld e r  p refo rm s 
a t  215°C fo r  80 seco n d s . 6 0 /40  ( to p )
-  50 /50  (2nd) on c o p p e r. 60 /40  (3 rd )
-  50 /50  (bottom ) on g o ld .
1 1 0
m
Em
F ig u re  84 . 140X -  P e ro x id e  and N i ta l  (2%) E tch
A sp re a d  sam ple shown i n  F ig u re  77 o f 
60 /40  s o ld e r  on p u re  copper w ith  80 
second r e a c t io n  tim e a t  215°C.
(1) s o ld e r  m ass, (2) in t e r m e t a l l i c  
band , (3) d i f f u s io n  band , (4) copper 
s u b s t r a t e .
Ill
F ig u re  85 . 1400X - P e r o x id e  and N i ta l  (2%) E tch
The in t e r f a c e  betw een th e  in t e r m e t a l l i c  
and d i f f u s io n  bands o f  F ig u re  84 i s  
shown.
1 1 2
co rresp o n d  to  th e  d i f f u s io n  band observed  by B a iley  and W atkins in  t h e i r  
s tu d y  o f  th e  flow  of l i q u id  m e ta ls  on s o l id  s u b s t r a t e s .
F ig u re  86 shows th e  boundary betw een a copper s u b s t r a t e  and th e  
most advanced p o r t io n  o f  th e  d i f f u s io n  band ahead o f  th e  60 /40  so ld e r  
m ass. The com position  o f  th e  le a d in g  edge o f th e  band was de term ined  by 
u s in g  EDS to  b e  62 w/o Cu -  38 w/o Sn. The absence o f le a d  in  th e  
s t r u c t u r e  in d ic a te s  th a t  i t  was formed by s e le c t iv e  d i s s o lu t i o n  o f t i n  
by th e  s o l id  copper s u b s t r a t e .
The in n e r  l a y e r  o f th e  d i f f u s io n  band in  th e  same s o ld e r  sub­
s t r a t e  com bination  a s  F ig u re s  84 and 86 i s  shown in  F ig u re  87 . The 
re g io n  i s  composed o f  n o d u le s  o f  co m p o sitio n  36 w/o Cu -  64 w/o Sn.
T h is  com position  i s  c lo s e  to  n ' (CugSn^) and l i e s  in  th e  two phase 
re g io n  n '+  8 ( t i n ) .
F ig u re  88 shows th e  boundary betw een th e  s o ld e r  mass and th e
in n e r  d i f f u s io n  band . The s o ld e r  was rem arkab ly  f r e e  o f  n e e d le s  of
Cu Snc which would have been  ex pec ted  to  form d u rin g  th e  80-second 
6 ^
so ld e r in g  p e r io d .
F ig u re s  89 and 90 show th e  d i f f u s io n  band su rro u n d in g  a mass o f 
63/37 s o ld e r  a p p l ie d  to  a  f lu x e d  copper s u b s t r a te .  The s o ld e r in g  tim e 
was 80 seconds. The c h a r a c te r  o f  th e  d i f f u s io n  band i s  com parable to  
t h a t  o b ta in ed  w ith  th e  60/40 a l lo y .  However, c o n s id e ra b le  Cu^Sng 
compound fo rm a tio n  may be n o te d  in  th e  s o ld e r  m ass. Between th e  re g io n  
w here compounds w ere o bserved  and th e  in n e r  d i f f u s io n  band, a  l i g h t  
ap p ea rin g  band i s  seen  (F ig u re  8 9 ) . The co m p o sitio n  co rre sp o n d s  to  83 
w/o Cu -  17 w/o Sn. The s ig n i f i c a n c e  o f  t h i s  band i s  n o t c e r t a i n  
because  th e  sam ple was e tch ed  p r i o r  to  perfo rm ing  th e  a n a ly s i s .  E tch ing
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F ig u re  86 . 1400X - P e r o x i d e  and N i ta l  (2%) E tch
The in t e r f a c e  between th e  d i f f u s io n  
band and copper s u b s t r a te  o f  F ig u re  84 
i s  shown.
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F ig u re  87 . 1400X - P e r o x id e  and N i ta l  (2%) E tch
The in t e r m e t a l l i c  band and th e  in n e r  
p o r t io n  o f  th e  d i f f u s io n  band shown 
in  F ig u re  84.
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F ig u re  88. 1400X -  P e ro x id e  and N i ta l  (2%) E tch
The i n t e r f a c e  betw een th e  s o ld e r  mass 
and th e  i n t e r m e t a l l i c  band shown in  
F ig u re  84.
1 1 6
F ig u re  89 . 420X -  P e ro x id e  and N i ta l  (2%) E tc h
A 63 /37  s o ld e r  p reform  sp read  a re a  on 
p u re  copper as seen in  F ig u re  77 a f t e r  
e tc h in g .  The f ig u re  i s  s im i la r  to  
F ig u re  84; how ever, i n t e r m e t a l l i c  
compounds w hich appear as  n e e d le s  a r e  
seen  in  th e  s o ld e r  m ass.
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F ig u re  90. 980X - .P e ro x id e  and N i ta l  (2%) E tc h
The s o ld e r  mass and in t e r m e t a l l i c  band 
in t e r f a c e  seen  in  F ig u re  89 . The 
in t e r m e t a l l i c  n e e d le s  a re  seen  in  th e  
s o ld e r  m ass.
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i s  c a p a b le  o f  s e l e c t i v e ly  rem oving one o f  th e  c o n s t i tu e n t s  from  th e  
s t r u c t u r e .  More d e ta i le d  view s of th e  in t e r m e ta l l i c  compounds w hich 
w ere form ed a re  shown in  F ig u re s  91 and 92.
The ap p ea ran ce  o f  th e  i n t e r f a c e  o b ta in e d  w ith  th e  a n tim o n ia l 
s o ld e r  on a  f lu x e d  copper s u b s t r a t e  a f t e r  80-second s o ld e r in g  tim es  was 
somewhat d i f f e r e n t  from th e  s im p le  b in a ry  t i n - l e a d  a l lo y s .  F ig u re  93 
shows an  o v e r a l l  view  o f th e  d i f f u s io n  band and a d ja c e n t  s u b s t r a t e  and 
s o ld e r  m ass. I n  F ig u re  94 th e  i n t e r f a c e  c o n s is ts  a lm o st e n t i r e l y  o f  
n o d u la r  fo rm a tio n s  and th e  d i f f u s io n  band i s  v e ry  narrow . An abnorm al 
r e g io n  w here th e  o u te r  band i s  q u i t e  w ide i s  seen  n e a r  th e  bo ttom  o f 
F ig u re  93. The s tro n g  in f lu e n c e  o f im p u r i t ie s  and low c o n c e n tr a t io n  
a l lo y  a d d i t io n s  on c o n ta c t  a n g le  i s  w e ll  known. A p p aren tly  antim ony can  
a ls o  in f lu e n c e  th e  d i f f u s io n  r a t e  o f  t i n  in to  th e  s o l id  copper s u b s t r a t e .
Blum, P e l i s s i e r ,  and S i lv e s t r e  (25) have proposed  t h a t  th e r e  
e x i s t  two ty p e s  o f d i f f u s io n  when s o ld e r in g  to  co p p er. The f i r s t  
p ro c e s s  i s  a  ra p id  s o l i d - t o - l i q u i d  d i f f u s io n  p ro cess  w hich commences 
when th e  l i q u id  s o ld e r  and copper come in to  c o n ta c t .  An in t e r f a c e  
d ev e lo p s  w ith  a  copper c o n c e n tra t io n  s l i g h t l y  g r e a te r  th a n  th e  e u t e c t i c  
co m p o sitio n  o f  a  Cu-Sn system  and c r y s t a l s  o f th e  n phase b e g in  to  
d e v e lo p . The second d i f f u s io n  p ro c e ss  i s  a  s o l id  s t a t e  p ro c e ss  w hich 
d ev e lo p s  an  e phase (CugSn) betw een th e  n phase and th e  boundary o f  p u re  
co p p er. Comparison o f  t h e i r  m icrog raphs and th e  m icrog raphs p re s e n te d  
h e re  r e v e a ls  s im i la r  s t r u c t u r e s .
A n a ly s is  o f th e  aged sam ples (100®C -  7 days) r e p o r te d  h e re  
show t h a t  th e  n phase  i s  60.17 w/o Sn -  39.83 w/o Cu and th e  s phase i s  
34 .39  w/o Sn -  65 .61  w/o Cu. The o b served  com position  o f  th e  q phase i s
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F ig u re  91. 1400X -  P e ro x id e  and N i ta l  (2%) E tch
A d e ta i le d  v iew  o f th e  in t e r m e t a l l i c  
CugSn,
seen  in  F ig u re  90,
i ouc compounds in  th e  s o ld e r  mass 
1 2 0
Figure 92. 5600X Peroxide and Nital (2%) Etch
A more detailed view of the compounds
shown in Figure 91.
1 2 1
F ig u re  93 . 420X. -  P e ro x id e  and N i ta l  (2%) E tch
The a re a  o f  sp read  o f  a n tim o n ia l 
s o ld e r  as  shown in  F ig u re  77 on a  p u re  
copper s u b s t r a t e .  N e e d le - l ik e  
in t e r m e t a l l i c  compounds a r e  seen  in  
th e  s o ld e r  m ass. The in t e r m e t a l l i c  
and d i f f u s io n  bands as seen  in  F ig u re  
84 a re  p r e s e n t ,  how ever, th e  
d i f f u s io n  band i s  much s m a l le r .
1 2 2
F ig u re  94. 5600X: -  P e ro x id e  and N i ta l  (2%) .E tch
The i n t e r m e t a l l i c  and d i f f u s io n  band 
in t e r f a c e  o f  F ig u re  93 i s  shown in  
more d e t a i l .  The d i f f u s io n  band i s  
v e ry  narro w .
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c o n s is te n t  w ith  p u b lish e d  p hase  d iag ram s, w h ile  th e  an a ly zed  copper con­
t e n t  o f th e  e phase  i s  too  h ig h  by abou t 4 w/o -  Cu. Blum, P e l i s s i e r ,  
and S i lv e s t r e  have su g g es ted  th a t  th e  w id th  ( th ic k n e s s )  o f th e  n phase  
in c re a s e s  w ith  i n t e r a c t io n  tim e  w h ile  th e  z phase  rem ains n e a r ly  un­
changed. F ig u re s  95, 96, and 97 a re  SEM m icrographs o f  th e  sp read  
sam ples shown in  F ig u re  76 f o r  w hich th e  r e a c t io n  tim e was f iv e  seco n d s. 
Comparison o f  th e  sam ples r e a c te d  f o r  80 seconds and th o s e  r e a c te d  fo r  5 
seconds show th a t  th e  w id th  o f  b o th  th e  n and th e  s p h ases  a r e  indeed  a  
fu n c tio n  o f  r e a c t io n  tim e . Z akravsek  (26) has su g g es ted  th a t  th e  n 
phase i s  i n i t i a l l y  much l a r g e r  in  th ic k n e s s  th a n  th e  e p h a se . Subse­
q u e n tly ,  due to  s o l id  s t a t e  d i f f u s io n ,  th e  z phase grows a t  th e  expense 
o f  th e  t i n - r i c h  n p h ase . Com parison o f  aged v e rsu s  unaged sam ples does 
n o t d em o n stra te  s ig n i f i c a n t  grow th o f th e  e phase a t  th e  expense o f  th e  
n p h ase .
The d a ta  p re s e n te d  in  t h i s  s tu d y  i s  c o n s is te n t  w ith  th e  th e o ry  
su g g es ted  by Blum, P e l i s s i e r ,  and S i lv e s t r e  which r e q u ir e s  a  t i n - r i c h  
advancing  in t e r f a c e .  The r a t e  o f  d is s o lu t io n  o f  copper in to  th e  s o ld e r  
mass ap p ea rs  to  c r e a te  a  com peting r e a c t io n  fo r  t i n ;  when th e  d is s o lu ­
t i o n  r a t e  o f  co p p er i s  h ig h  a  s t a b l e  v a lu e  i s  a t ta in e d  in  th e  s o ld e r  
mass w ith  th e  fo rm a tio n  o f  CugSn^ in te r m e ta l l i c  compounds, w hich a ls o  
com petes fo r  t i n .  I n t e r m e ta l l i c  compound fo rm a tio n  red u ce s  th e  a v a i l ­
a b i l i t y  o f t i n  to  th e  advanc ing  in t e r f a c e  and th e re b y  red u ce s  th e  a re a  
o f sp read  w hich i s  o b ta in e d . A rea sp read  t e s t s  made w ith  a  50 /50  s o ld e r ,  
as shown in  F ig u re  83 (50 w/o Sn -  50 w/o P b ) , r e s u l t e d  in  sp read  a re a s  
s l i g h t l y  l a r g e r  th an  sp re a d s  o f  th e  60/40 s o ld e r .  These d a ta  su g g es t 
th a t  th e  reduced  sp read  a r e a  o b ta in e d  w ith  th e  a n tim o n ia l s o ld e r  i s  n o t 
a d i r e c t  r e s u l t  o f  a  low er t i n  c o n te n t .
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F ig u re  95. 140X -  P e ro x id e  and N i ta l  (2%) E tch
The 60 /40  a re a  sp read  sam ple shown in  
F ig u re  76 a f t e r  e tc h in g .  Comparison 
w ith  F ig u re  84 in d ic a te s  th a t  th e  w id th  
o f  th e  v a r io u s  bands have changed . The 
r e a c t io n  tim e a t  215 C was 5 seco n d s .
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F ig u re  96. 420X -  P e ro x id e  and N i ta l  (2%) E tch
The 63/37 a r e a  sp re a d  sam ple shown in  
F ig u re  76 w ith  a r e a c t io n  tim e o f  5 
seconds a t  215 C. Â com parison  w ith  
F ig u re  89 in d ic a te s  th e  e f f e c t  o f 
r e a c t io n  tim e .
126
F ig u re  97. 420X -  P e ro x id e  and N i ta l  (2%) Etch.
The a n tim o n ia l a re a  sp read  sam ple shown 
in  F ig u re  76 w ith  a  r e a c t io n  tim e o f  5 
seconds a t  215 C. A com parison w ith  
F ig u re  93 in d ic a te s  th e  e f f e c t  o f 
r e a c t io n  t im e .
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The a r e a  sp re a d  t e s t  sam ples shown in  F ig u re  78 o f  th e  v a r io u s  
s o ld e r s  a p p l ie d  to  f lu x e d  b ra s s  s u b s t r a te s  w ere e tch ed  in  p e ro x id e  and 
in  th e  2% n i t a l  s o lu t i o n .  A gain , th e  r e s u l t s  w ere u n expec ted  a s  dup lex  
i n t e r f a c e s  and d i f f e r i n g  n o d u la r  bands w ere form ed. F ig u re s  98 and 99 ■ 
a r e  SEM m ic ro g rap h s  o f  th e  60/40 a l lo y  a p p lie d  to  b r a s s .  The o u te r  band 
o f  th e  advanc ing  i n t e r f a c e  was composed o f  ap p ro x im a te ly  53 w/o Cu -  7 
w/o Zn -  40 w/o Sn. F ig u re s  100 and 101 a r e  SEM m icro g rap h s o f  th e  
63/37 a l l o y .  The adv an c in g  f r o n t  i s  composed o f two d i s t i n c t  b ands.
The o u te rm o st band had th e  co m p o sitio n  58 w/o Cu -  8 w/o Zn -  34 w/o Sn 
and th e  in n e r  l a y e r  c o n s is te d  o f  55 w/o Cu -  8 .2  w/o Zn -  36 .8  w/o Sn. 
The n o d u le s  w hich a p p e a r  to  be  compounds had th e  co m p o sitio n  40 w/o Cu -  
3 w/o Zn -  57 w/o Sn . F ig u re  102 i s  an  SEM m icro g rap h  o f  th e  a n tim o n ia l 
a l l o y  a p p l ie d  to  b r a s s .  The o u te r  band was composed o f  51 w/o Cu -10  
w/o Zn -  39 w/o S n . The n o d u la r  in n e r  band had th e  co m p o sitio n  o f  38 
w/o Cu -  1 .5  w/o Zn -  60 .5  w/o Sn. T h is  n o d u la r  re g io n  ap p ea rs  s im i la r  
to  th e  c o rre sp o n d in g  band w hich formed when s o ld e r in g  to  co p p er.
Kay and MacKay [27] have o b ta in e d  r e s u l t s  from  s tu d y in g  th e  
r e a c t io n s  o f  t i n  on b r a s s  w hich in d ic a te d  a  d u p lex  in t e r f a c e  and an 
in t e r m e t a l l i c  r e g io n .  Kay and MacKay have r e f e r r e d  to  th e  o u te rm o st 
r e g io n  o f  th e  advanc ing  s o ld e r  i n t e r f a c e  a s  a  p in k  la y e r  w hich c o r r e s ­
ponded to  th e  co m p o sitio n  o f  (0) b ra s s  -  5 3 .1  w/o Cu -  4 6 .9  w/o Zn.
They a l s o  r e f e r  to  a  l a y e r  ( I )  n e a r  th e  in t e r f a c e  hav in g  a  co m p o sitio n  
o f  4 6 .2  w/o Cu -  (2 7 .5  -  4 0 .6 ) w/o Zn -  (2 6 .3  -  13 .2 ) w/o Sn. The 
in t e r m e t a l l i c  r e g io n  was o f  th e  co m p o sitio n  4 1 .2  w/o Cu -  3 .3  w/o Zn -  
55 .5  w/o Sn, and r e f e r r e d  to  a s  l a y e r  ( I I ) .  The r e s u l t s  r e p o r te d  h e re  
su g g e s t t h a t  a  d u p lex  i n t e r f a c e  does form ; how ever; th e  co m p o sitio n  is
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F ig u re  98. 2800X -  P e ro x id e  and N i ta l  (2%) E tch
The 60 /40  a re a  sp read  sam ple shown in  
F ig u re  78 a f t e r  e tc h in g .  The d i f f u s io n  
and i n t e r m e t a l l i c  bands p re s e n t  were 
p roduced  on b r a s s  w ith  a  r e a c t io n  tim e 
o f  80 seco n d s .
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Figuré 99. 5600X -Peroxide and Nital (2%) Etch
A detailed view of the intermetallic
and diffusion bands shown in Figure 97,
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F ig u re  100. 1800X. -  P e ro x id e  arid N i ta l  (2%) E tch
The 63/37  a re a  sp re a d  sam ple on b ra s s  
shown i n  F ig u re  78 a f t e r  e tc h in g .  The 
d i f f u s io n  band i s  seen  as two d i s t i n c t  
r e g io n s .
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Figure 101. 3500X -  P e ro x id e  and N i t a l  (2%) E tch  
A more d e ta i l e d  v iew  o f th e  d i f f u s io n  
and in t e r m e t a l l i c  bands a s  shown in  
F ig u re  100. Two d i s t i n c t  r e g io n s  in  
th e  d i f f u s io n  band a r e  c l e a r l y  e v id e n t 
w ith  th e  inn e rm o st band c o n ta in in g  g r e a t e r  
q u a n t i t i e s  o f  z in c .
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F ig u re  102. 1400X -  P ero x id e  and N i ta l  (2%) E tch
The a n tim o n ia l a r e a  sp re a d  sam ple o f  
F ig u re  78 a f t e r  e tc h in g .  The d i f f u ­
s io n  band ( l e f t )  and th e  in t e r m e t a l l i c  
band ( r ig h t )  a re  shown in  d e t a i l .  The 
s t r u c t u r e  o f th e  i n t e r m e t a l l i c  band i s  
s im i la r  to  th e  s t r u c t u r e  o f  th e  i n t e r ­
m e ta l l i c  bands w hich form ed on copper.
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n o t c o n s i s te n t  w ith  th e  f in d in g s  o f Kay and MacKay. The dup lex  i n t e r ­
f a c e  was e a s i l y  observed  w ith  63/37 s o ld e r  and d i f f i c u l t  to  o b serv e  w ith  
60/40 s o ld e r .  The w id th  o f  th e  dup lex  i n t e r f a c e  was g r e a t e r  w ith  63/37 
s o ld e r  an d , upon ag in g  o f  th e  sp read  sam p les, th e  d u p le x  la y e r  in  th e  
63/37 s o ld e r  d is a p p e a re d  in  fa v o r  o f  a  co n tin u o u s  l a y e r .  The w id th  of 
t h i s  co n tin u o u s  la y e r  was e q u iv a le n t  to  th e  w id th  o f  th e  dup lex  la y e r  
b e fo re  a g in g . The co m p o sitio n  o f  t h i s  s in g le  la y e r  was 56.30 w/o Cu -  
8 .5 4  w/o Zn -  3 5 .16  Sn and i s  s im i la r  to  th e  e p h ase  o f  c o p p e r - t in ,  bu t 
w ith  in c o rp o r a t io n  o f  z in c  in to  th e  s t r u c t u r e .  The in n e rm o st la y e r  d id  
n o t e x h ib i t  c o m p o s itio n a l changes o r  grow in  w id th  upon a g in g . T h is  
l a y e r  i s  s im i la r  to  th e  p phase  o f c o p p e r - t in  w ith  z in c  in c o rp o ra t io n ;  
h av in g  a  co m p o sitio n  o f  39.73 w/o Cu — 2.73  w /o Zn -  57 .54  w/o Sn. Com­
p a r is o n  o f  th e  r e s p e c t iv e  m icrog raphs c l e a r l y  in d i c a te s  a  d i f f e r e n c e  in  
th e  c r y s t a l  form  o f  th e  p phases formed in  s o ld e r s  a p p l ie d  to  co pper and 
b r a s s .
The n a tu r e  o f  th e  advancing  s o ld e r  i n t e r f a c e  formed on go ld  
s u b s t r a te s  was b r i e f l y  exam ined. F ig u re  103 shows th e  boundary betw een 
a  60/40  s o ld e r  mass and th e  s u b s t r a te  m e ta l .  M assive AuSn^ in t e r m e t a l l i c  
compound fo rm a tio n  o ccu rs  c lo s e  to  th e  s o ld e r  s u b s t r a t e  boundary . Some 
detachm ent due to  d e w e ttin g  i s  a ls o  n o te d  ( a d ja c e n t  to  th e  la r g e  f l a t  
p a r t i c l e  n e a r  th e  c e n te r  o f  th e  p h o to g ra p h ) . F ig u re  104 in d ic a te s  th e  
v a r io u s  s t r u c t u r e s  formed in  th e  in t e r f a c e  o f  th e  g o ld  and advancing 
s o ld e r .  F ig u re  105 r e v e a ls  th e  in t e r f a c e  and compounds which develop  
when th e  60 /40  s o ld e r  was a p p lie d  to  g o ld . N ear th e  r i g h t  s id e  o f  
F ig u re  105 a  d i f f e r e n t  c r y s t a l  s t r u c t u r e  i s  n o te d . EDS a n a ly s is  con­
firm ed. th e s e  s t r u c t u r e s  to  co rresp o n d  to  th e  co m p o sitio n  o f  AuSn^.
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F ig u re  103. 420X -  P ero x id e  and N i ta l  (2%) E tch
The 60 /40  a re a  sp read  sam ple shown in  
F ig u re  80 a f t e r  e tc h in g .  M assive AuSn^ 
i n t e r m e ta l l i c  compound fo rm a tio n  n e a r  
th e  s o ld e r  s u b s t r a te  boundary  i s  ev id e n t.
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F ig u re  104. 840X — P e ro x id e  and N i t a l  (2%) E tch  
A d e t a i l e d  v iew  o f  th e  compounds 
and i n t e r f a c e  w hich developed  
when 60 /40  s o ld e r  was a p p l ie d  to  
a  g o ld  p la te d  s u b s t r a t e .
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F ig u re  105. 2800X -  P e ro x id e  and N i t a l  (2%) E tch
A d e t a i l e d  v iew  o f th e  X. phase ( 1 ) ,  th e  
AuSn compounds C2) and th e  AuSn^ com­
pounds (3 ) .
137
F ig u re  106. 8400X -  P e ro x id e  and N i t a l  (2%) E tch  
A d e t a i l e d  view  o f  an a r e a  shown in  
F ig u re  105 w ith  th e  AuSn compounds on 
th e  l e f t  and th e  AuSo^ compounds on 
th e  r i g h t .
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Figure 107. 1400% - Peroxide and Nital (2%) Etch
Massive AuSn^ compounds which formed
in the solder mass.
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Figure 108. 12600X - Peroxide and Nital C2%) Etch
A detailed view of the AuSn^ plate like
structure as shown in Figure 107.
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The s t r u c tu r e s  n o ted  in  th e  c e n te r  o f F ig u re  105 w ere an a ly zed  and th ey  
co rresp o n d ed  to  th e  co m p o sitio n  o f  AuSn. F ig u re  106 r e v e a ls  th e  AuSug 
compounds which formed betw een th e  m assive  AuSn^ and AuSn compounds in  
th e  s o ld e r  mass and th e  AuSn compound la y e r .  The m ost advanced la y e r  o f  
th e  in t e r f a c e  co rresponded  to  th e  ç phase  as  shown in  th e  AuSn p h ase  
d iag ram . F ig u re s  107 and 108 r e v e a l  th e  m assive  AuSn^ w hich form s in  
th e  s o ld e r  m ass.
CHAPTER IV 
CONCLUSIONS
The s tu d ie s  r e p o r te d  h e re  in d ic a te  t h a t  th e  fo rm a tio n  o f  
i n t e r m e t a l l i c  compounds w i th in  s o ld e re d  co n n ec tio n s  i s  a  common phenom­
enon w hich m ust be co n s id e re d  i n  a l l  s o ld e r in g  a p p l i c a t io n s .  The a b i l i t y  
o f  t i n  (a s  a  p r in c i p le  s o ld e r  com ponent) to  form s i g n i f i c a n t  q u a n t i t i e s  
o f  in t e r m e t a l l i c  compounds in  p r a c t i c a l  i n d u s t r i a l  a p p l ic a t io n s  i s  n o t 
l im i t e d  to  i t s  in t e r a c t io n s  w ith  co p p er and g o ld , b u t  e x te n d s  to  n ic k e l ,  
s i l v e r ,  p la tin u m , and p a lla d iu m  s u b s t r a t e s .  I n  a d d i t io n ,  th e  i n t e r a c t io n  
o f  t i n  w ith  im p u r i t ie s  such  as i r o n  and a r s e n ic  has a l s o  been  shown to  
r e s u l t  in  in t e r m e t a l l i c  compound fo rm a tio n . The ap p ea ran ce  o f  i n t e r ­
m e ta l l i c  compound la y e r s  w hich form  a t  th e  s o ld e r  s u b s t r a t e  boundary , has 
been  docum ented and th e  m orphology o f i s o la te d  compound p a r t i c l e s  i s  a l s o  
p re s e n te d .  R e c o g n itio n  o f  th e  m ic r o s t r u c tu r a l  ap p ea ran ce  o f  th e  v a r io u s  
i n t e r m e t a l l i c  compounds i s  o b v io u s ly  im p o rta n t to  a n a ly s i s  o f  f a i l u r e s  
w hich can  r e s u l t  from e i th e r  e x c e s s iv e  amounts o r  u n s a t i s f a c to r y  d i s ­
t r i b u t i o n  o f  th e s e  compounds.
■ The s u b s t i t u t i o n  o f  an tim ony  f o r  t i n  may a ls o  r e s u l t  i n  unexpected  
in t e r m e t a l l i c  compound fo rm a tio n . Even though th e  fo rm a tio n  o f  th e  s o ld e r  
a l lo y  may be  a p p ro p r ia te  to  a c h ie v e  s o l id  s o l u b i l i t y  o f antim ony w ith in
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th e  tin . p o r t io n  o f  th e  te rn a ry  a l lo y ,  c o n d it io n s  w i l l  change as  th e  
s o ld e r  r e a c t s  w ith  th e  s u b s t r a t e .  D e p le tio n  o f t i n  from th e  s o ld e r  
th ro u g h  th e  fo rm a tio n  o f  t i n - s u b s t r a t e  compounds has been  shown to  
r e s u l t  in  s a tu r a t i o n  o f  th e  s o ld e r  mass w ith  r e s p e c t  to  th e  t i n ­
antim ony in t e r m e t a l l i c  compound.
The fo rm a tio n  o f  z in c-an tim o n y  in t e r m e t a l l i c  compounds was 
n o t o b serv ed  in  a n t im o n ia l s o ld e r s  a p p lie d  to  b r a s s  s u b s t r a te s  by 
com m ercial s o ld e r in g  p ro c e s s e s .  However, th e  z in c -an tim o n y  in t e r m e t a l l i c  
compound was formed when th e  te rn a ry  a l lo y  was a p p lie d  to  p u re  z in c  sub­
s t r a t e s .
The u se  o f g o ld  p la te d  s u b s t r a te s  f o r  s o ld e r in g  a p p l ic a t io n s  
p r e s e n ts  s p e c ia l  problem s in v o lv in g  th e  phenomena o f  d e w e ttin g  and p o r o s i ty .  
D ew etting  h a s  been c o n c lu s iv e ly  shown to  in v o lv e  th e  fo rm a tio n  o f  
co n tin u o u s  la y e r s  o f  g o ld - t in  in t e r m e t a l l i c  compounds a t  th e  s o ld e r -  
s u b s t r a t e  i n t e r f a c e .  These la y e r s  a r e  p a r t i c u l a r l y  s u s c e p t ib le  to  
s e p a r a t io n  from  th e  s u b s t r a t e  b eca u se  o f  t h e i r  b r i t t l e  c h a r a c te r .  In  
a d d i t io n  to  d isb o n d in g  d u rin g  s t r a i n in g  o f  th e  s u b s t r a t e ,  th e r e  i s  
some ev id en ce  th a t  s e p a ra t io n  o f  s o ld e r  from  g o ld  p la te d  s u b s t r a te s  w i l l  
occu r sp o n ta n e o u s ly  upon c o o lin g  from  th e  s o ld e r in g  te m p e ra tu re s . Here 
th e  c au se  m ost p ro b a b ly  in v o lv e s  l a r g e  d i f f e r e n c e s  in  th e  th e rm al 
ex p an sio n  p r o p e r t i e s  o f  th e  compound and s u b s t r a t e .  T h is  l a t t e r  p ro c e ss  
may e x p la in  why g o ld  p la te d  s u b s t r a te s  a r e  s e n s i t i v e  to  d e w e ttin g  and 
copper s u b s t r a t e s  a r e  n o t .  Both w i l l  form  m assiv e  i n t e r f a c i a l  compound 
l a y e r s .  However, th e  c o p p e r - t in  i n t e r m e t a l l i c  compound does n o t r e a d i ly  
d e ta c h .
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The ex p erim en ts  d em o n stra te  th e  fundam ental re a so n s  f o r  th e  
dependence o f  j o i n t  r e l i a b i l i t y  on go ld  p la t in g  th ic k n e s s .  As more gold  
becomes a v a i la b le  to  th e  m o lten  s o ld e r  p o o l, th e  p r o b a b i l i t y  o f m assiv e  
g o ld - t in -  compound fo rm a tio n  a t  th e  s o ld e r - s u b s t r a t e  in t e r f a c e  g r e a t ly  
in c re a s e s  and th e  r e l i a b i l i t y  o f th e  f in i s h e d  j o i n t  i s  p ro p o r t io n a l ly  
red u ce d . T h is  problem  can  be  c o n t ro l le d  to  some e x te n t  by m in im iz ing  
th e  th ic k n e s s  o f th e  g o ld  p la t in g  and a llo w in g  s u f f i c i e n t  tim e  a t  th e  
s o ld e r in g  te m p e ra tu re  to  a s s u re  com plete  d i s s o lu t io n  o f  th e  g o ld  p la t in g  
from th e  s u b s t r a t e .  However, th e  im p lic a tio n s  o f  t h i s  r e l a t i o n s h ip  a re  
p a r t i c u l a r l y  im p o rta n t in  m ic ro e le c tro n ic  c i r c u i t  a p p l ic a t io n s  w here th e  
s i z e  o f  th e  s o ld e r  j o i n t  m ust be reduced  a s  f a r  as  p o s s ib le .  The r e s u l t s  
in d ic a te  t h a t  th e r e  i s  a  p r a c t i c a l  l i m i t  on th e  s i z e  o f  a  r e l i a b l e  s o l ­
d e red  c o n n e c tio n  w hich can  b e  ach ieved  on a  s u b s t r a t e  p la te d  w ith  any 
g iv en  th ic k n e s s  o f  g o ld .
The a s s o c ia t io n  o f  p o ro s i ty  w ith  th i c k ,  h a rd  g o ld  p la te d  sub­
s t r a t e s  has  a ls o  been  d em o n stra ted . P o ro s i ty  ap p ea rs  to  r e s u l t  from 
th e  d eco m p o sitio n  o f  a  co d ep o s ited  polym er in  th e  h e a te d  s o ld e r  p o o l.
D ire c t  ev id en ce  o f  th e  polym er i s  a ls o  p re s e n te d .
The p ro c e s s e s  by w hich m olten  s o ld e r  w ets and sp re a d s  on a  
s u b s t r a te  m e ta l i s  g r e a t ly  co m plica ted  by th e  p ro c e s se s  o f  in t e r m e t a l l i c  
compound fo rm a tio n . W etting  in v o lv es  d i s s o lu t io n  o f  th e  s u b s t r a t e  in  
th e  m o lten  s o ld e r  and d i s s o lu t io n  o f  th e  s o ld e r  com ponents in  th e  s o l id  
s u b s t r a t e .  W ith each  o f th e se  p ro c e s se s  th e  s o l u b i l i t y  l i m i t s  o f  
v a r io u s  i n t e r m e t a l l i c  compounds w i l l  g e n e ra l ly  be exceeded and th e  
compounds w i l l  form . In  th e  ca ses  o f  th e  two m ost common s u b s t r a t e  
m a te r ia l s ,  copper and g o ld , common s o ld e r in g  te m p e ra tu re s  a r e  s ig n i f i c a n t l y
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low er th an  th e  te m p e ra tu re s  a t  w hich th e  room te m p e ra tu re  s t a b l e  
compounds form . C onsequen tly , s o l id  in t e r m e t a l l i c  compounds a re  p re ­
d ic te d  in  th e  m o lten  s o ld e r  m asses as  w e l l  as  a t  th e  s o ld e r - s u b s t r a t e  
i n t e r f a c e s .
The c u r r e n t  u se  o f  t i n  in  s o f t  s o ld e r s  r e p r e s e n ts  a  compromise 
betw een c o s t ,  w e t t a b i l i t y ,  low m e ltin g  te m p e ra tu re s  and i t s  d i s p o s i t i o n  
tow ard in t e r m e t a l l i c  compound fo rm atio n  w ith  common s u b s t r a t e  m a te r ia l s .  
However, one can  fo r e s e e  a p p l ic a t io n s  in  w hich th e  b a la n c e  w i l l  no 
lo n g e r fa v o r  th e  s im p le  t r a d i t i o n a l  s o ld e r  fo rm u la tio n s .  I t  would 
appear t h a t  a l lo y  a d d i t io n s  w i l l  b e  r e q u ire d  to  su p p re ss  u n d e s ir a b le  
r e a c t io n s  i n  s o ld e r  to  m eet th e  demands o f newly d ev e lo p in g  c i r c u i t  
te c h n o lo g ie s .  I t  seems v e ry  l i k e l y  t h a t  a  g r e a t  ren ew al o f  i n t e r e s t  in  
s o ld e r  a l lo y  developm ent i s  im m inent.
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APPENDIX A 
BINARY PHASE DIAGRAMS
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A g-Sn (Silver-Tin)
Atomic Percentage Silver 
4020 30 SO 60 80 901000
79,
700
liOOF
600
(A g )ncoF
500 480*
79.4
eooF
400
Toor
300
900F
,T4a
200
too
100 F IÎ*
20 30 40 50 60 70 80 90
Weigitt l= r^centage SilverGeorge H. Sistore
Ag-Sn (Silver-Tin)
By G eorge H. S istare
The diagram is from Hansen (Gen Ref 3). Crystal-struc- 
ture data are from Pearson (Gen Ref 2) :
Phahe
y . 
i* •
Formula 
>■ Ag-Sn 
y AgriSn
Symmetry
hep
ortho
Symbol
A3
Prototype
Mg
F ig u re  A-1. S i lv e r -T in  P hase D iagram
T h is  d iagram  i s  from  th e  M eta ls  
Handbook, V ol. 8 , 8 th  E d i t io n ,  
pp . 256, 341.
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As-Sn Arsenic-Tin
• E I S H T  PER CERT ARSERIC
no
«0
400
a t
TOO
«08*
3%
900
400
900
<00
10040 90 60
A T O N IC  P E R  C EN T A R SE N IC
A«-8n
Formula
As-Sn,
AsSn
As-Sn (Arsenlc-Tln) 
By M. Hansen
Symmetry
Khombohedral
Cubic
Prototype 
NaCl (Bl)
F ig u re  A-2. A rse n ic -T in  Phase Diagram
T his d iagram  i s  from ’th e  C o n s t i tu t io n  
o f  B inary  A llo y s  by M. H ansen, 2nd 
e d i t io n ,  p . 181.
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Au-Sn Gold-TIn
Atomic Percentage Gold 
30 4020 6050 80 901100
1064.43*
I900F
1000
I700F
900
1600 F
800
aoOF
700
(Au)
.490*.
86.2
418*
309*
280*
252* 80231.968*
217*
200
00
20 30 40 50 60 70 80 90
Weight Percentage GoldJ. C. Choston
Au-Sn (Gold-Tin)
B y J .  C. Chaston
The diagram is from Hansen (Gen Ref 3) and Elliott 
I Gen Ref 4). The decomposition temperature of the f phase 
was taken from Davies and Leach (1). Crystal-structure 
data are from Pearson (Gen Ref 2) :
Phase Formula Symmetry Symbol Protot.vpe
!i . . . . AuSni feo D l. P tSni
V • • • • AuSn- ortho
5 . . . . AuSn hex B8i AsNi
s • .  • • i Au-Sn hep A3 Mg
1. H. A. Davies and J . S. L. Leach, J  Inst Metals, Vol 96, 1968, p 
220-221
F ig u re  A -3. G o ld -T in  Phase Diagram
T h is  d iagram  i s  from  th e  M eta ls  
Handbook, V ol. 8 , 8 th  e d i t i o n ,  
pp . 269, 347.
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Cu-Sn Copper-Tin
900
711» \  199 05,91100
7001100
1000 900
900 900
JIXl900 400
300
g .1199^1
Ü900
9.91
400
300
200
100
WO
ATOMIC 9E9 CENT Tlfe 
Cu-Sq
Cu-Sn (Coppen»Tin)
B y  R obert E . J o h n s o n
The eutectic composition is from Davey and Happ (1). 
The remainder of the diagram is from Hansen (Gen Ref 3). 
Crystal-structure data are from Pearson (Gen Ref 2) :
Prototype 
W 
BiFo Y brags Mg
AsNi
Phase Formula Symmetry Symbol
J8 . bee A2
y  • y  CuiiSn fee DOas . CuaiSns cu LikeD8i-.9
e . CutSn pseudohex A3f . CuooSnii trig
V • unknown 0 •  •
v' • CudSni hex B8i
1. T. R. A. Davey tmd J. 
Vol 78, 1969, p 108-110 V. Rapp, Trans Inst Mining
Figure A-4. Copper-Tin Phase Diagram
This diagram is from the Metals 
Handbook. Vol. 8, 8th edition, 
pp. 299, 358.
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Fe-Sn Iron-Tin
Atomic Porcentoqe Tin 
30 40201600
L.+L,
iMOF
1400
290OP
1300 ]
2M0F I
cr-FW-J- 
1200 i
1130'
.90.11100
1000
-831'
800
MOOF
770*
-17.9 -740"700
600
500
400
300
_ j  I  I  I  I  I  I (fl-Sn) 
2i. 30 40 50 60 7 0  80 90
Weight Percentage Tin
200
D.T.H.
F*-Sn (Iren-Tin)
B y Donald T. Hawkims
The diagram Is from Hansen (Oen Ref 3), Elliott (Gen 
Ref 41, and Shunk (Gen Ref 5), with the following excep­
tions: the mlsclblll^ gap Is from Shlralshl and Bell (1), 
and the r  loop is from Davey (2). Crystal-structure data 
are from Pearson (Gen Ref 2) :
Phise PonnulR Symmetry symbol Prototype
S . . . . PenSn hex DOiii NtiSn
FtoSns comp mono 
nexf . . . . Pei .iSn B8s ZnNb
n . . . . PeSn hex B35 CoSn
$ . . . . FeSn.- bet C16 AlsCu
1. s .  Y. Shlralshl and B. B. BeU, Tram Intt Mining Met, Ser C, 
Vol 77. 1988. p 104-108
2. T. R. A. Davey. Trans Inti Mining Met. Ser C, Vol 78. 1987. p 
88-87
F ig u re  A -5. I ro n -T in  Phase Diagram
T h is  d iagram  i s  from  th e  M eta ls  
H andbook, V ol. 8 , 8 th  e d i t i o n ,
•pp. 306, 36Z;
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Ni-Sn (Nickel-Tin)
Atomic Percenioge Tin 
 3020 40 SO1500
1400
1300
1200
1168»
no 3251100
(Nil
1000
900
800
700
600
8—
500
400
300
200
20 30 40 SO 60 70 80 90
Wtight PercentofB Tina r . H .
Ni-Sn (NIckel-TIn)
B y D onald T . H a w k in s
The p-p’ region is from Panteleimonov, Aziz, Sokolova 
and Bagdasaryan (1). The remainder of the diagram is 
from Hansen (Gen Ref 3). Crystal-structure data are from 
Pearson (Gen Ref 2) ;
P h a s e
P .... 
P' ....
I . • • « 
iS . . . .
Form ula 
N bSn (HT) 
NiaSn ILTi 
Nil tS n  
5 NLiSn^
Symmetry
CU
hex
hex
mono
Symbol
DO:,
DQiii
BBj
Prototype
BiF:i
NiaSn
InN b
1. L. A. Panteleimonov, Yu. K.Aziz, I. G. Sokolova and A. K. Bagda­
saryan, Vcstn ATosfc Vniv, Ser II: Khim , Vol 19, No. 4, 1964, p  49-50
F ig u re  A-6. N ic k e l-T in  P hase D iagram
T his d iagram  i s  from th e  M eta ls  
Handbook, V ol. 8 , 8 th  e d i t i o n ,  
pp . 325, 370.
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Pb-Sn Lead-Tin
Atomic Percentage Tin 
6 0  70 9 08 04 0  5 0400
700F
327.502 '
300
900F 231.968’
200 (Pb)
2.5161.9183’lOOF
100
W-Sn)
lOOF
Pb 10 20 30 40  50 60 70 80  90  Sn
C. DiMortini Weight Percentage Tin
Pb-Sn (Lead-Tin)
B y Carl D iMartini
The diagram is from Hansen (Gen Ref 3), Elliott (Gen 
Ref 4), and Shunk (Gen Ref 5).
F ig u re  A -7. L ead-T in  Phase Diagram
T h is  d iagram  i s  from th e  M eta ls  
Handbook, V ol. 8 , 8 th  e d i t i o n ,  
pp . 330, 372.
156
Pd-Sn Palladium-Tin
.tM
Pd-Sn
Formula 
Pd_Sn 
Pd,Sn 
Pd,Sn, 
Pd^Sn 
Pd Sn, 
Pd Sn, 
Pd Snf
Pd-Sn (Palladlum-Tln) 
By R. P. Elliott
Symmetry
FCC
Orthorhomblc
Monoclinic or Tetragonal 
F. C. Orthorhombic
Prototype
Ni^Si
CaF_
F ig u re  A -8. P a llad iu m -T in  P hase Diagram
T his d iagram  i s  from th e  C o n s t i tu t io n  
o f B in a ry  A llo y s . F i r s t  Supplem ent 
by R. P . E l l i o t t ,  p . 733.
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Pt-Sn Platinum-Tin
WEIGHT PER CENT TIN
1900
1700
1900
e  HER 1 
•  REF. 2
1900
(29)
%  9 0 0
TOO
9 0 0
9 0 0
100
100
ATOM IC PER CENT TIN 
Pt-Sn
Formula 
Pt^Sn 
Pt Sn 
Pt^Sn* 
Pt^Sng 
Pt Sn‘
Pt-Sn (Platinum-Tln) 
By M. Hansen
Symmetry
Hexagonal
Cubic
Orthorhomblc
Prototype 
Cu-Au (LI,) 
NlAs (B8J
CaP, (01)
F ig u re  A~9. Platxnuni—T in  Phase Diagram
T h is  d iag ram  i s  from  th e  C o n s t i tu t io n  
o f  B in a ry  A llo y s , by  M. H ansen, 2nd 
e d i t i o n ,  p . 1142.
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S b -S n  Antimony-Tin
630.74*Atomic Percentage Antimony 
40 50 60 8020 7030600
lOOOF
500
64.050.0BOOF
400
7 0 0 F (Sb)
49.2 320*21.3 59.0
300
ao, 41.0
200
3 0 0 F
100
Sn 10 20 30 40 50 60 70 80 90 Sb
D.T.H. Weight Percentage Antimony
Sb-Sn (Antimony-Tin)
B y D onald T . H a w k in s
The diagram is from R. F. Smart, Tin and Its Uses, Vol 
51. 1961, p 8-9. Hultgren et al (Gen Ref 6) give the formula 
for the 13 and /?' phases as SbSn. The crystal symmetry is 
rhombohedral, nearly cubic, with no change in structure 
between the two phases.
Figure A-10. A ntim ony-Tin P hase Diagram 
T h is  d iagram  i s  from  th e  M eta ls  
Handbook, V ol. 8 , 8 th  e d i t i o n ,  
pp . 333, 374.
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Sb-Zn Antimony-Zinc
Atomic Percentage Zinc 
6040 50 70 80 90650
.630.74*
566*
1050F
550
lOOOF
505*
500
9 0 0 F
455*
450
80 0 F 411*
400 409*
r-(Sb) (Zn)7 0 0  F
350
6 0 0 F  .
300 [______
Sb 10
Donald T. Howkins
20 30 40 50 60 70 80 90 Zn
Weight Percentage Zinc
Sb-Zn (Anlimony-Zinc)
By Donald T. Hawkins
The diagram is from Hansen (Oen Ref 3), except that 
the detail between 34 and 46 wt % Zn is from Vuillard and 
Piton (1). Crystal-structure data are from Pearson (Gen
Ref 2);
P t iu e Form ula Symmetry
/3 .... SbZn ortho
Iv.v. unknownunknown
H . . . . /i 8b,Zn, mono or hex
t  . . . . unknown
9 . . . . unknown
Symbol Prototype
C dSb
1. O. Vuillard and J. P. Plton, Compt Rend, Ser C, Vol 263, 1968, 
p 1018-1021
Figure A-11. A ntlm ony-Zlnc P hase Diagram 
T h is  d iagram  i s  from  th e  M eta ls  
Handbook, V o l. 8 , 8 th  e d i t io n ,  
pp . 334, 373.
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=C
400
700F
300
5 00F
200
300F
100
Sn-Zn Tin-Zinc
Atomic Percentage Zinc
L
198"
■-I.7 8 .9
T-(S-Stl)
1
-99.9
(Zn)-
Sn 10 20 30 40 50 60 70
J. w. Sim pson ond w. Showok Weight Percentage Zinc
80 90 Zn
Sn-Zn (Tin-Zinc)
B y J . W. SiM PsoK a n d  W. Show ak
The solubility of zinc in tin is from Génot and Hagège
(1) ; the eutectic composition is from Hagège and Génot
(2). The remainder of the diagram is from Hansen (Gen 
Ref 3) and Elliott (Gen Ref 4).
1. M. Génot, R. Hagège. Compt Rend. Vol 251, 1960, p 2901-2903
2. R. Hagège, M. Gâiot, Compt Bend, Vol 252, 1961, p 1002-1004
Figure A-12. T in -Z in c  Phase Diagram 
T h is  d iagram  i s  from  th e  M eta ls  
Handbook, V ol. 8 , 8 th  e d i t i o n ,  
pp . 336, 375.
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APPENDIX B
MENISCOGRAPH MEASUREMENT OF THE SOLDERABILITY 
OF COMPONENT SURFACES USING 60/40 TIN-LEAD 
AND ANTIMONIAL SOLDERS
I n t r o d u c t io n
Most e s ta b l i s h e d  s o l d e r a b i l i t y  t e s t s  such  a s  sp re a d  r a t e  t e s t s  
and c a p i l l a r y  r i s e  t e s t s  a r e  b ased  on a  s u b je c t iv e  a p p r a i s a l  o f  th e  
r e s u l t s  and do n o t  p ro v id e  s im u la t io n  o f  modern p ro c e s s e s .  Budrys and 
B ric k  [B-1] im ply  th a t  th e  m ain  sh o rtcom ing  o f  th e s e  c a p i l l a r y  r i s e  and 
s o ld e r  sp read  t e s t s  in  e v a lu a t in g  s o l d e r a b i l i t y  i s  t h a t  th e y  do n o t 
p ro v id e  any in fo rm a tio n  a b o u t th e  r a t e s  o f  w e tt in g .  The r a t e s  o f  w et­
t in g  a r e  o f  p a r t i c u l a r  im p o rtan ce  i n  h ig h  speed com m ercial s o ld e r in g  
o p e ra t io n s  w here th e  tim e  a llo w ed  f o r  com plete w e tt in g  to  o c c u r  i s  on 
th e  o rd e r  o f  a  few te n th s  o f  a  seco n d .
Due to  th e s e  sh o rtco m in g s  in  th e  e s ta b l is h e d  s o l d e r a b i l i t y  
t e s t s ,  th e  G .E.C . (G en era l E l e c t r i c  Company) M eniscograph was developed  
by MacKay [B -2 ] . The m en iscog raph  was d esig n ed  to  p ro v id e  a  re a so n a b le  
s im u la tio n  o f  th e  p r a c t i c a l  c o n d i t io n s  i n  s o ld e r in g  o p e r a t io n s ,  to  
m easure th e  q u a l i ty  o f  w e t t in g  ach iev ed  and n o t sim ply  th e  a t ta in m e n t o f
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an  a r b i t r a r i l y  d e f in e d  minimum, to  m o n ito r th e  k i n e t i c s  o f  th e  w e ttin g  
p ro c e s s ,  and to  p rod u ce  q u a n t i t a t iv e ,  n o n - s u b je c t iv e  r e s u l t s .  The 
m en iscograph  t e s t  m ethod m o n ito rs  th e  w e tt in g  p ro c e s s  from  b eg in n in g  to
end by m easu ring  th e  n e t  fo rc e  a c t in g  betw een th e ' specim en and th e  s o ld e r .
When re c o rd e d  a s  a  f u n c t io n  o f  tim e  t h i s  d i s p la y s ;
1) The tim e  to  commence w e tt in g
2) The r a t e  o f  w e tt in g
3) The tim e  to  re a c h  e q u ilib r iu m
4) The u l t im a te  e x te n t  o f  w e tt in g
S h ip le y  [B-3] s u g g e s ts  t h a t  th e  dependence o f  th e  w e t t a b i l i t y  on each  o f  
s e v e r a l  v a r i a b le s  can  b e  m easured by m a in ta in in g  a l l  v a r i a b le s  c o n s ta n t 
e x c e p t th e  one u n d er in v e s t ig a t io n .  By t h i s  m ethod, th e  in f lu e n c e  o f  
v a r io u s  f lu x  fo rm a tio n s , s u b s t r a te  m a te r i a l s ,  s o ld e r  co m p o sitio n s , and 
s o ld e r in g  te m p e ra tu re s  can  be  o p tim ized  f o r  a  g iv e n  s o ld e r in g  system .
The p r in c i p l e  o f  o p e ra t io n  o f  th e  G .E .C . M eniscograph  developed  
by MacKay i s  shown i n  F ig u re  B -1 . The specim en  i s  suspended from  a  lo a d  
c e l l  w hich c o n s i s t s  o f  a  p a i r  o f  c a n t i l e v e r  s p r in g s  betw een which i s  
mounted th e  a rm a tu re  o f  a  l i n e a r  v a r i a b le  d i f f e r e n t i a l  tra n s fo rm e r .  No 
m ech an ica l c o u p lin g  e x i s t s  betw een th e  specim en and th e  m easuring system , 
th u s  e l im in a t in g  th e  problem  o f  f r i c t i o n .  The o u tp u t  o f  th e  lo a d  c e l l  
i s  a  p o s i t i v e  o r  n e g a t iv e  DC s ig n a l  p r o p o r t io n a l  to  th e  fo rc e s  a c t in g  on 
th e  specim en. The s o ld e r  b a th  i s  r a is e d  u n t i l  th e  e l e c t r i c a l  c o n ta c t i s  
made betw een specim en and s o ld e r  and th e  m echanism  th e n  immerses th e  
specim en to  v a r i a b le  im m ersion d ep th  w hich i s  p r e s e t .  A t im e r  which i s  
a ls o  p r e s e t  comes in to  o p e ra t io n .  A f te r  th e  s e t  tim e  e x p ire s  th e  b a th  
w ithdraw s to  i t s  r e s e t  p o s i t io n .  The o u tp u t o f  th e  lo a d  c e l l  i s  fed  to
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F ig u re  B -1 . The p r in c ip le  o f  o p e ra t io n  o f th e  
G .E .C . M eniscograph '
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a  c h a r t  r e c o rd e r  o p e ra t in g  in  th e  c e n te r  ze ro  mode. S in ce  th e  i n i t i a l  
w eigh t o f  th e  specim en i s  f i r s t  b a lan ced  o u t by means o f  th e  e l e c t r i c a l  
z e ro in g  system  o f  th e  in s tru m e n t,  th e  c h a r t  r e c o rd e r  r e g i s t e r s  o n ly  th e  
changing  fo rc e s  a c t in g  on th e  specim en.
E x p erim en ta l
The s tu d ie s  r e p o r te d  h e re  invo lv ed  th e  u se  o f  th e  G .E.C . 
M eniscograph in  com paring th e  w e tt in g  c h a r a c t e r i s t i c s  o f th e  60 w/o Sn -  
40 w/o Pb s o ld e r  commonly used in  th e  e l e c t r o n ic s  in d u s try  and an 
a n tim o n ia l s o ld e r  a l lo y  (52 w/o Sn -  45 w/o Pb -  3 w/o S b ) . The seven  
s u b s t r a t e  m e ta ls  used f o r  th e  com parison  w ere:
1) P u re  Copper (99 .999 )
2) C a r t r id g e  (a ) B rass  (70 w/o Cu -  30 w/o Zn)
3) 2 .5  m icron  C o b a lt H ardened Gold P la t in g  (90 w/o Cu -
8 w/o N i -  2 w/o Sn b ase )
4) C o p p er-N ick e l-T in  (90 w/o Cu -  8 w/o N i -  2 w/o Sn)
5) B ery lliu m  Copper (3 w/o Be -  97 w/o Cu)
6) 0 .5  m icron  P a lla d iu m  P la t in g  (90 w/o Cu -  8 w/o N i -  2 w/o
Sn base)
7) 2 .5  m icron  60/40 S o ld e r  P la t in g  (90 w/o Cu -  8 w/o Ni -  
2 w/o Sn b ase)
The s u b s t r a t e  m e ta ls  w ere in  th e  form  o f .025 in c h  sq u a re  te rm in a ls .
P r io r  to  c le a n in g ,  each  te rm in a l  was f a s te n e d  in  th e  specim en 
h o ld e r  i n  o rd e r  to  e l im in a te  h a n d lin g . The te rm in a ls  w ere c lean ed  in  a  
10% HCl s o lu t io n  f o r  30 seco n d s , r in s e d  w ith  d i s t i l l e d  w a te r  f o r  15 
seco n d s , immersed f o r  30 seconds in  p ro p a n o l, and a llow ed  to  d ry  in  room 
a i r .  P r io r  to  im m erâion in  th e  m o lten  s o ld e r  b a th ,  th e  te rm in a ls  were
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dipped  i n  A lpha 611 f lu x  (m ild ly  a c t iv a te d  w a te r-w h ite  r o s in )  f o r  15 
seco n d s . A pproxim ately  15 to  20 seconds a f t e r  th e  f lu x in g  p ro c e d u re , 
th e  te rm in a ls  w ere immersed in  th e  m o lten  s o ld e r  b a th .  An im m ersion 
tim e o f 12 seconds rem ained c o n s ta n t  th ro u g h o u t th e  i n v e s t i g a t io n .  The 
te rm in a ls  w ere immersed to  a d ep th  o f  4 mm. The changes in  f o r c e  v e rs u s
tim e w ere re c o rd e d  w ith  a  7100B H ew le tt P ackard  s t r i p  c h a r t  r e c o r d e r .
G ra p h ic a l fo rc e  v e rsu s  tim e  re c o rd in g s  w ere o b ta in e d  fo r  f i v e  d i f f e r e n t  
sam ples o f  each  s u b s t r a te  f o r  each  o f  th e  fo llo w in g  s o ld e r in g  sy stem s:
1) 60/40 S o ld e r -  420°F (216“C)
2) 60/40 S o ld e r -  500°F (260“C)
3) A n tim on ial S o ld e r -  420*F (216“C)
4) A ntim on ial S o ld e r  -  500“F (260“C)
The d a ta  a c q u ire d  from th e  f iv e  d i f f e r e n t  re c o rd in g s  f o r  each  s o ld e r in g  
system  and s u b s t r a te  w ere averaged  and com pared g r a p h ic a l ly .  R eco rd ings 
r e p r e s e n t in g  n o n sy stem a tic  b e h a v io r  w ere  ex c lu d ed .
R e su lts  and D is c u s s io n
The g ra p h ic a l  re c o rd in g s  o f  th e  f o r c e  v e rsu s  tim e  d a ta  p ro v id e  
a  q u a n t i t a t i v e  m easure o f  th e  w e tt in g  c h a r a c t e r i s t i c s  o f  th e  s o ld e r  
sy stem . The id e a l  s e le c t io n  o f  c le a n in g ,  f lu x in g ,  and s o ld e r in g  p a ra ­
m e te rs  sh o u ld  p ro v id e  c o n d itio n s  w hich ap p roach  i n f i n i t e  w e t t in g .  For 
an  i n f i n i t e  w e tt in g  system , th e  te rm in a l  would be  l i t e r a l l y  draw n in to  
th e  b a th  a t  th e  moment o f c o n ta c t  w ith  th e  s o ld e r  b a th . The sh ap e  o f  
th e  d a ta  cu rv e  f o r  an  i n f i n i t e  w e tt in g  specim en , a s  p re s e n te d  by I p p o l i to  
and W olfe [B -4 ] , i s  shown in  F ig u re  B -2 . T h is  f ig u r e  a ls o  c o n ta in s  a sk e tc h  
o f th e  p la n a r  view  o f th e  c o n ta c t  p r o f i l e  betw een th e  te rm in a l  and th e  
l iq u id ' s o l d e r .
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The o p p o s i te  extrem e i s  th e  c a se  o f  ze ro  w e tt in g .  When th e  
b a th  i s  b ro u g h t in to  c o n ta c t w ith  th e  te rm in a l ,  th e  te rm in a l i s  buoyed 
upward by th e  b a th ,  due to  th e  d i f f e r e n c e s  in  d e n s i t i e s  betw een th e  
te rm in a l  and th e  s o ld e r .  F ig u re  B-3 r e v e a ls  th e  shape o f  th e  d a ta  cu rv e  
and a s k e tc h  o f  th e  p la n a r  view  o f th e  c o n ta c t  p r o f i l e  g iv e n  by I p p o l i to  
and W olfe f o r  th e  "z e ro "  w e tt in g  specim en. The a c tu a l  s o ld e r  o p e ra t io n s  
in  t h i s  s tu d y  w ere c h a r a c te r iz e d  by a  w e t t in g  tim e cu rve ly in g  somewhere 
betw een th e s e  two ex tre m es . F ig u re  B-4 r e p r e s e n ts  th e  ty p i c a l  c u rv e  
g e n e ra te d  by th e  s o ld e r in g  system s under i n v e s t ig a t io n .  T h is  f ig u r e  
a ls o  seirves to  h ig h l ig h t  th e  segm ents o f  th e  d a ta  cu rv e  (buoyancy p eak , 
w e tt in g  tim e , and w e tt in g  r a t e )  used  to  e v a lu a te  p a r t i c u l a r  s o ld e r in g  
sy stem s, à  d e s i r a b l e  so ld e r  system  i s  g e n e r a l ly  c h a ra c te r iz e d  by low 
buoyancy p e a k s , s h o r t  w e ttin g  tim e s , and h ig h  w e tt in g  r a t e s .
Buoyancy F o rces  
The m en iscograph  reco rd ed  q u a n t i t a t i v e  changes in  th e  f o r c e  
e x e r te d  on th e  te rm in a l  a s  a f u n c t io n  o f  tim e . The f i r s t  f o r c e  re c o rd e d  
was th e  w e ig h t o f  th e  te rm in a l  p r i o r  to  e n te r in g  th e  s o ld e r .  As th e  
te rm in a l  e n te re d  th e  s o ld e r  a  buoyancy f o r c e  was e x e r te d  on th e  te rm in a l  
by th e  m o lten  s o ld e r  b a th . The buoyancy fo r c e  was reco rd ed  a s  a  nega­
t i v e  change in  f o r c e .  A com parison  o f th e  buoyancy fo rc e s  f o r  th e  
p a r t i c u l a r  s o ld e r in g  system s i s  p re s e n te d  in  T ab le  B-1. The buoyancy 
fo r c e  co u ld  b e  ex p re ssed  in  te rm s o f  dynes o r  newtons ; how ever, s in c e  i t  
i s  n o t e s s e n t i a l  f o r  th e  com parison , th e  fo r c e s  a r e  sim ply  g iv e n  in  
a r b i t r a r y  u n i t s .  From th e  com parison  i t  can  be  seen  th a t  in  a l l  c a se s  
ex cep t th e  p a lla d iu m  p la te d  a n tim o n ia l s o ld e r  sy stem , th e  buoyancy fo r c e  
was low er a t  500“F th a n  a t  420®F. A lso , th e  buoyancy fo r c e  was h ig h e r
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Figure B-3. Time-wetting curve for "zero wetting"
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F ig u re  B -4. A ty p i c a l  w e tt in g  cu rve  g e n e ra te d  by th e  
s o ld e r in g  system s under in v e s t ig a t io n .  
The buoyance fo rc e ,  w e tt in g  tim e , and 
w e tt in g  r a t e  (.slope b /a )  w ere used  to  
e v a lu a te  th e  w e ttin g  c h a r a c t e r i s t i c s  
o f  th e  s o ld e r in g  sy s te m s .
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TABLE B-1
COMPARISON OF THE BUOYANCY FORCES 
FOR THE SOLDERING SYSTEMS TESTED
SUBSTRATE 60/40 SOLDER ANTIMONIAL SOLDER
420°F 500°F 420 "F 500°I
P u re  Copper 5 .5 1 .3 5 .2 2 .7
C a r tr id g e  (a ) B rass 4 .8 1 .2 9 .0 4 .0
Gold P la te d 2 .6 2 .0 1 1 .2 ■ 2 .2
C o p p er-N ick e l-T ia 5 .2 3 .1 11.5 8 .0
B ery lliu m  Copper 8 .9 1 .5 13 .4 2 .9
P a llad iu m  P la te d 9 .7 5 .0 10 .8 14 .5
S o ld er P la te d 9 .7 0 .7 18 .6 4 .3
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f o r  th e  a n tim o n ia l s o ld e r in g  system s th a n  f o r  th e  60/40 s o ld e r in g  
sy s tem s . An e x c e p tio n  i s  e v id e n t in  th e  c a s e  o f  th e  p u re  copper sub­
s t r a t e  a t  420°F w here th e  buoyancy f o r c e  f o r  th e  a n t im o n ia l s o ld e r  was 
s l i g h t l y  low er th a n  f o r  th e  60/40 s o ld e r .
Copper, c a r t r i d g e  (a ) b r a s s ,  and c o b a lt-h a rd e n e d  g o ld  p la te d  
te rm in a ls  a re  v e ry  common s u b s t r a t e  m e ta ls  in  th e  e l e c t r o n i c s  in d u s try .  
T h e re fo re , a  s e p a ra te  com parison  was made o f  th e  buoyancy fo rc e s  o f 
th e s e  th r e e  s u b s t r a te s  and i s  in d ic a te d  by F ig u re  B -5. I n  t h i s  f ig u r e ,  
th e  buoyancy fo rc e s  w ere p lo t te d  a s  a  f u n c t io n  o f  th e  s o ld e r in g  tem pera­
tu r e  f o r  each s u b s t r a t e  and s o ld e r .  The s o l id  l i n e s  r e p r e s e n t  th e  60/40 
s o ld e r  system s w h ile  th e  dashed  l i n e s  s ig n i f y  th e  a n tim o n ia l s o ld e r  
sy stem s.
The buoyancy fo rc e s  f o r  th e  g o ld  p la te d  60/40 s o ld e r in g  system  
w ere v e ry  low due to  th e  f a c t  t h a t  g o ld  d is s o lv e s  r a p id ly  in  m o lten  
60/40 s o ld e r .  F or th e  g o ld  p la te d  a n t im o n ia l  s o ld e r in g  system  th e  
buoyancy fo rc e  p l o t  was e n t i r e l y  d i f f e r e n t .  At 420°F th e  buoyancy fo rc e  
f o r  th e  go ld  p la te d  a n t im o n ia l s o ld e r  system  was ex tre m e ly  h ig h . A 
p o s s ib le  e x p la n a tio n  f o r  t h i s  phenomenon, su g g e s te d  by D u ck e tt and 
Ackroyd [B -5 ], may be t h a t  th e  a d d i t io n  o f  an tim ony and th e  r e d u c t io n  o f 
t i n  red u ce  th e  d i s s o lu t i o n  r a t e  o f  g o ld  in  th e  m o lten  s o ld e r .  However, 
a t  500°F th e  buoyancy fo rc e  f o r  th e  g o ld  p la te d  s u b s t r a t e  in  th e  a n t i ­
m on ial s o ld e r  was much low er and d i f f e r e d  o n ly  s l i g h t l y  from th e  60/40 
s o ld e r .  T h is s u g g e s ts  t h a t  a t  h ig h e r  te m p e ra tu re s  go ld  d is s o lv e s  more 
r a p id ly  in  th e  a n tim o n ia l s o ld e r ,  d e s p i t e  th e  t i n  r e d u c t io n  and th e  
a d d i t io n  o f  an tim ony .
The buoyancy fo r c e  f o r  th e  p u re  c o p p e r-a n tim o n ia l s o ld e r  system  
was s l i g h t l y  low er th a n  f o r  th e  60/40 s o ld e r  system  a t  420°F . However,
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a t  500“¥ th e  buoyancy f o r c e  f o r  th e  50/40 s o ld e r  system  was c o n s id e ra b ly  
lo w er. G u tb ie r  [B-6] and B ader [B-7] su g g e s t t h a t  lo w erin g  th e  t i n  
c o n te n t o f  s o ld e r  re d u c e s  th e  d i s s o lu t io n  r a t e  o f  co p p e r. The buoyancy 
f o r c e  p lo t s  f o r  th e  co pper s u b s t r a te  a t  500°? a g re e  w ith  t h e i r  s u g g e s tio n , 
w h ile  th e  p lo t s  a t  420°? do n o t  a g re e . T h is  Im p lie s  t h a t  th e  d i s s o lu t io n  
r a t e  o f copper i n  a n t im o n ia l  s o ld e r  i s  te m p e ra tu re  d ep en d en t. ? o r  th e  
b ra s s  s u b s t r a t e ,  th e  buoyancy fo rc e  p lo t s  w ere a lm o s t p a r a l l e l ,  w ith  th e  
60/40  s o ld e r  sy stem  e x h ib i t in g  low er buoyancy f o r c e s .
The buoyancy fo r c e s  f o r  th e  o th e r  fo u r  s u b s t r a t e s  (c o p p e r-  
n i c k e l - t i n ,  b e ry ll iu m -c o p p e r , s o ld e r  p la te d  and p a lla d iu m  p la te d )  w ere 
a ls o  compared g r a p h ic a l ly  a s  shown in  P ig u re  B -6 . The c o p p e r - n ic k e l - t in  
s u b s t r a t e  e x h ib i te d  low  buoyancy fo rc e s  f o r  th e  60/40 s o ld e r  a t  b o th  
420°? and 5 0 0 °? , The buoyancy fo rc e  p lo t s  f o r  th e  c o p p e r - n ic k e l - t in ,  
b e ry ll iu m -c o p p e r ,  and th e  s o ld e r  p la te d  s u b s t r a t e s  d e c re a se d  w ith  
in c re a s in g  te m p e ra tu re .  The p lo t s  f o r  th e  60/40  s o ld e r  sy stem  and th e  
a n t im o n ia l s o ld e r  sy stem  w ere  a lm ost p a r a l l e l ,  w ith  th e  lo w er p lo t  
c o rre sp o n d in g  to  th e  60/40 s o ld e r  sy stem . However, f o r  th e  p a lla d iu m  
p la te d  a n tim o n ia l s o ld e r  sy stem  th e  buoyancy fo r c e  p lo t  in c re a s e d  w ith  
in c re a s in g  te m p e ra tu re .
W etting  Times
The w e tt in g  tim e  f o r  each s o ld e r in g  sy stem  was d e te rm in ed  from 
th e  fo r c e  v e rs u s  tim e  d a ta  in  th e  manner shown in  P ig u re  B -4. A com­
p a r is o n  o f  th e  w e tt in g  tim es f o r  th e  s o ld e r in g  sy stem s i s  p re s e n te d  in  
T ab le  B -2. The tim e  i s  a l s o  ex p ressed  in  a r b i t r a r y  u n i t s ,  w ith  one u n i t  
e q u iv a le n t  to  0 .5  seco n d s . Prom th e  com parison , i t  i s  e v id e n t t h a t  fo r  
a l l  s o ld e r in g  sy stem s th e  tim e  re q u ire d  f o r  w e tt in g  was l e s s  a t  500°?.
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TABLE B-2
COMPARISON OF THE WETTING TIMES 
FOR THE SOLDERING SYSTEMS
SUBSTRATE
60/40 SOLDER 
420°F 500°F
ANTIMONIAL SOLDER 
420°F 500°F
Pure Copper .60 .18 .64 .29
C a r tr id g e  (a) B rass 1 .25 .24 1 .20 .40
Gold P la te d .30 .10 .97 .47
Copp er-N  ic k e l-T  in .75 .33 .98 .82
B ery lliu m  Copper .68 .20 .76 .30
P a llad iu m  P la te d .88 .43 1 .00 .93
S o ld e r P la te d .90 .15 1 .00 .64
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A lso , th e  w e tt in g  tim e was s h o r te r  f o r  th e  60 /40  s o ld e r in g  system  in  a l l  
c a se s  ex ce p t f o r  th e  c a r t r id g e  (a ) b ra s s  s u b s t r a t e  s o ld e re d  a t  420®F.
The w e tt in g  tim es f o r  th e  co p p er, b r a s s ,  and g o ld  p la te d  sub­
s t r a t e s  a r e  compared g r a p h ic a l ly  in  F ig u re  B -7 . The g o ld  p la te d  60/40  
s o ld e r in g  system  had th e  s h o r te s t  w e tt in g  tim e due to  th e  h ig h  d i s ­
s o lu t io n  r a t e  o f  go ld  in  m o lten  60/40 s o ld e r .  F o r th e  a n tim o n ia l s o ld e r  
system , th e  g o ld  p la te d  s u b s t r a te  r e q u ire d  a  lo n g e r  tim e f o r  w e t t in g ,  
f u r th e r  in d ic a t in g  th a t  th e  a d d i t io n  o f  an tim ony red u ce s  th e  d i s s o lu t io n  
r a t e  o f  g o ld  i n  m o lten  t i n - l e a d  s o ld e r .
S o ld e r in g  w ith  th e  a n tim o n ia l a l lo y  on th e  copper s u b s t r a t e  
re q u ire d  th e  s h o r t e s t  w e tt in g  tim e , w hich was o n ly  s l i g h t l y  h ig h e r  th a n  
th e  60/40 s o ld e r in g  system  a t  b o th  420“F and 500®F. The b ra s s  s u b s t r a t e  
re q u ire d  th e  lo n g e s t  tim e f o r  w e tt in g  a t  420“F , w ith  th e  60/40 s o ld e r  
system  w e tt in g  even slow er th a n  th e  a n t im o n ia l s o ld e r  system . However, 
a t  500"F th e  60/40 s o ld e r  re q u ire d  l e s s  tim e f o r  w e tt in g  th e  b r a s s  
s u b s t r a te  th a n  th e  a n tim o n ia l s o ld e r .
The w e tt in g  tim es f o r  th e  o th e r  f o u r  s u b s t r a t e s  w ere compared
g ra p h ic a l ly  as  in d ic a te d  by F ig u re  B -8. At 420®F th e  b e ry lliu m -c o p p e r
60/40 s o ld e r in g  system  had th e  s h o r te s t  w e tt in g  tim e . The s o ld e r  p la te d  
60/40 s o ld e r in g  system  re q u ire d  th e  l e a s t  tim e  f o r  w e tt in g  a t  500®F. In  
a l l  c a se s  th e  tim e r e q u ire d  f o r  w e tt in g  was l e s s  a t  300°F th an  a t  420°F. 
F u rth erm o re , f o r  a l l  s u b s t r a te s  th e  a n tim o n ia l s o ld e r  had a  lo n g e r  
w e tt in g  tim e  th a n  th e  60/40 s o ld e r .
W etting  R ates
The w e tt in g  r a t e s  fo r  th e  s o ld e r in g  system s w ere de term ined  
from th e  s lo p e s  o f th e  w e tt in g  cu rv es  by th e  method shown in  F ig u re  B-4.
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Due to  th e  s te e p  s lo p e s  o f th e  w e tt in g  c u rv es  in  t h i s  s tu d y , th e  w e tt in g  
r a t e s  were v e ry  d i f f i c u l t  to  d e te rm in e  a c c u r a te ly .  T h e re fo re , th e  w et­
t in g  r a t e  m easurem ents may in c lu d e  a  h ig h e r  p e rc e n ta g e  e r r o r  th a n  th e  
o th e r  m easurem ents.
A com parison  o f  th e  w e tt in g  r a t e s  f o r  th e  s o ld e r in g  system s i s  
p re s e n te d  in  T ab le  B -3. F or th e  60/40 s o ld e r in g  system s th e  w e tt in g  
r a t e s  a r e  h ig h e r  a t  500*F th a n  a t  420°F f o r  a l l  s u b s t r a te s  ex ce p t th e  
go ld  p la te d  and th e  p a lla d iu m  p la te d .  F or th e s e  s u b s t r a t e s ,  th e  w e tt in g  
r a t e  v a r ie s  o n ly  s l i g h t l y  w ith  te m p e ra tu re . However, f o r  th e  a n t im o n ia l  
s o ld e r in g  system s th e  w e tt in g  r a t e s  a r e  h ig h e r  a t  420“F th a n  a t  500®F 
f o r  a l l  s u b s t r a te s  ex ce p t th e  c a r t r id g e  (a ) b r a s s .  T h is  im p lie s  t h a t  a t  
h ig h e r  te m p e ra tu re s  th e  fo rm a tio n  o f  i n t e r m e t a l l i c  compounds, su ch  a s  
AuSn^ and CugSng, reduced  th e  t i n  c o n te n t  o f  th e  s o ld e r  and th e re b y  
r e s u l t e d  in  antim ony exceed ing  th e  s o l id  s o l u b i l i t y  l i m i t  ..in t i n  and the- 
fo rm a tio n  o f  a n t im o n y - t in  i n t e r m e t a l l i c  compounds.
The w e tt in g  r a t e s  f o r  th e  c o p p e r , b r a s s ,  and g o ld  p la te d  sub­
s t r a t e s  w ere com pared g r a p h ic a l ly  as  shown in  F ig u re  B -9 . The g o ld  
p la te d  60/40 s o ld e r in g  system  e x h ib i te d  th e  h ig h e s t  w e tt in g  r a t e  due to  
th e  ex trem ely  h ig h  d i s s o lu t io n  r a t e  o f  g o ld  in  m o lten  60/40  s o ld e r .  The 
go ld  p la te d  a n tim o n ia l s o ld e r in g  system  e x h ib i te d  a  much slow er w e tt in g  
r a t e ,  im ply ing  t h a t  th e  r e d u c t io n  o f  t i n  and th e  a d d i t io n  o f  antim ony 
impedes th e  d i s s o lu t i o n  r a t e  o f  g o ld  in  m o lten  t i n - l e a d  s o ld e r .  From 
th i s  f ig u r e  i t  i s  e v id e n t t h a t  th e  w e tt in g  r a t e s  f o r  th e  a n tim o n ia l 
s o ld e r  a r e  much more p r e d ic ta b le  th a n  f o r  th e  60/40 s o ld e r .  The w e tt in g  
r a t e  p lo t s  f o r  th e  a n tim o n ia l s o ld e r  l i e  v e ry  c lo s e  to g e th e r  a s  compared 
to  th e  60/40 s o ld e r  w e tt in g  r a t e  p l o t s ,  w hich v a ry  by s i g n i f i c a n t  am ounts.
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TABLE B-3
COMPARISON OP THE WETTING RATES 
FOR THE SOLDERING SYSTEMS
60/40 SOLDER ANTIMONIAL SOLDER
SUBSTRATE 420*F 500“? 420°F 500°F
P u re  Copper 23 .3 31 .5 1 9 .6 1 9 .5
C a r t r id g e  (a) B rass 18 .5 23.6 1 8 .1 20 .9
Gold P la te d 32 .0 31 .0 22 .6 1 8 .4
C o p p er-N ick e l-T in 26.5 29.8 33 .6 3 0 .4
B ery llium -C opper 24 .0 29.0 2 9 .2 27 .0
P a llad iu m  P la te d 37 .5 36.3 31.8 30 .3
S o ld e r  P la te d 25 .2 36.0 3 2 .6 27.5
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A g ra p h ic a l  com parison  o f  th e  w e tt in g  r a t e s  f o r  th e  o th e r  fo u r  
s u b s t r a te s  i s  shown in  F ig u re  B -10. A gain , th e  w e tt in g  r a t e s  f o r  th e  
a n tim o n ia l s o ld e r  a r e  much more p r e d ic ta b le  th a n  f o r  th e  60/40 s o ld e r .
In  a l l  c a s e s ,  ex ce p t th e  p a lla d iu m  p la te d  s u b s t r a t e ,  th e  w e tt in g  r a t e s  
in c re a se d  w ith  in c re a s in g  te m p e ra tu re  f o r  th e  60/40 s o ld e r in g  sy stem . 
However, f o r  th e  a n t im o n ia l  s o ld e r in g  system  th e  w e tt in g  r a t e s  d e c re a se d  
w ith  in c re a s in g  te m p e ra tu re .
I n t e r m e ta l l i c  Compound F orm ation  
The w e tt in g  o f  a  s u b s t r a t e  by a  t i n - l e a d  s o ld e r  in e v i ta b ly  
in v o lv e s  a l lo y in g  betw een th e  s u b s t r a t e  and t i n  a t  th e  i n t e r f a c e  betw een 
them. W hile a  sm a ll amount o f  s o l id  s o lu t io n  a l lo y in g  can  ta k e  p la c e  
i n i t i a l l y ,  t h i s  i s  q u ic k ly  fo llo w ed  by th e  fo rm a tio n  o f  i n t e r m e t a l l i c  
compounds w ith  s u b s t r a t e s  such  a s  g o ld  and c o p p e r. The n a tu re  o f  th e  
s u r fa c e  in  c o n ta c t  w ith  th e  s o ld e r  th u s  changes w ith  tim e and t h i s  may 
a f f e c t  th e  w e tt in g  b e h a v io r  o f  th e  sy stem .
Abnormal f l u c t u a t i o n s  in  th e  w e tt in g  cu rv e  r e p re s e n t  changes in  
th e  n a tu r e  o f  th e  s u b s t r a t e  s u r f a c e  and su g g e s t in t e r m e t a l l i c  compound 
fo rm a tio n . A ty p i c a l  w e tt in g  cu rv e  i s  shown in  F ig u re  B -11. A w e tt in g  
cu rv e  f o r  a  go ld  p la te d  te rm in a l  s o ld e re d  w ith  60/40 s o ld e r  a t  500“F i s  
shown in  F ig u re  B -12. The abnorm al f lu c tu a t io n s  (L o ca tio n  A) su g g e s t 
th e  fo rm a tio n  o f  g o ld - t i n  i n t e r m e t a l l i c  compounds.
MacKay [B-8] s tu d ie d  th e  w e tt in g  b e h a v io r  o f  copper s u b s t r a te s  
u t i l i z i n g  th e  m en isco g rap h . He m o n ito red  th e  w e tt in g  c h a r a c t e r i s t i c s  o f 
th e  compounds CugSn and CugSn^. The w e tt in g  cu rv es  from h i s  s tu d y  a r e  
p re se n te d  in  F ig u re s  B-13 and B-14. H is r e s u l t s  in d ic a te  th a t  th e  
growth o f  in t e r m e t a l l i c  compounds d u r in g  th e  s o ld e r in g  o f  copper s u b s t r a t e s
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in f lu e n c e  th e w ettin g  behavior o f  th e  system . The w ettin g  behavior of 
th e  so ld er in g  system s in  t h is  study may a ls o  have been in flu en ce d  by the  
form ation o f  in te r m e ta l l ic  compounds.
C onclusions
An e x te n s iv e  s tu d y  was made com paring th e  w e tt in g  c h a r a c t e r i s t i c s  
o f  th e  60/40  s o ld e r in g  system  and th e  a n t im o n ia l s o ld e r in g  sy stem . The 
buoyancy f o r c e s ,  w e tt in g  t im e s , and w e tt in g  r a t e s  w ere m easured u t i l i z ­
ing  a  m en iscog raph . Seven d i f f e r e n t  s u b s t r a t e  m e ta ls  w ere used  in  
com paring th e  s o ld e r  sy s te m s .
The go ld  p la ted  60/40  so ld e r in g  system  produced th e  most 
d e s ir a b le  w ettin g  c h a r a c te r is t ic s  w ith  low buoyancy peaks, sh o rt w ettin g  
tim es, and h igh  w ettin g  r a te s  a t  both  420“F and 500“F due to  th e  h igh  
d is s o lu t io n  r a te  o f  g o ld  in  m olten  60/40 so ld e r . Abnormal f lu c tu a t io n s  
in  th e w ettin g  curves fo r  th e  go ld  p la ted  60/40 so ld e r in g  system  sug­
g ested  th e  form ation  o f  g o ld - t in  in te r m e ta l l ic  compounds. The gold  
p la ted  an tim on ia l so ld e r in g  system  produced l e s s  d e s ir a b le  w ettin g  
c h a r a c te r is t ic s  due to  th e  fa c t  th a t  th e  a d d itio n  o f  th e  antimony and 
th e  red u ctio n  o f  th e  t i n  reduced th e  d is s o lu t io n  r a te  o f  g o ld . Duckett 
and Ackroyd [B-5] su ggested  th a t antimony a d d itio n s  would have such an 
e f f e c t .
The tim e req u ired  fo r  w ettin g  was l e s s  a t  500*F fo r  a l l  sub­
s t r a t e s .  The w ettin g  tim e was sh o rter  fo r  th e  60/40 so ld e r in g  system  in  
a l l  ca se s  excep t fo r  th e  b rass su b stra te  so ld ered  a t  420*F. The w ettin g  
c h a r a c te r is t ic s  fo r  th e  60/40  so ld er  were more d e s ir a b le  when so ld er in g  
a t 500*F than a t  420°F . The w ettin g  r a te s  fo r  th e  an tim on ia l so ld er  
were h igher a t  420®F than a t  500°F fo r  a l l  su b str a te s  excep t b r a ss .
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T h is  im p lie s  t h a t  a t  h ig h e r  te m p e ra tu re s  an tim ony  exceeds th e  s o l id  
s o l u b i l i t y  l i m i t  i n  t i n  and th e  fo rm a tio n  o f  a n t im o n y - t in  i n t e r m e t a l l i c  
compounds a f f e c t  th e  w e ttin g  b e h a v io r  o f  th e  s u b s t r a t e  m e ta ls .  The 
p a lla d iu m  p la te d  s u b s t r a te  e x h ib i te d  h ig h e r  buoyancy peaks and s lo w er 
w e tt in g  r a t e s  a t  500*7 th a n  a t  420*F. T h is  su g g e s ts  t h a t  a t  h ig h e r  
te m p e ra tu re s  th e  n a tu re  o f  th e  s u b s t r a t e  i s  chang ing  p o s s ib ly  due to  th e  
fo rm a tio n  o f  in t e r m e t a l l i c  compounds.
I n  g e n e ra l ,  th e  w e tt in g  c h a r a c t e r i s t i c s  o f  th e  60/40 s o ld e r in g  
system s w ere more d e s i r a b le  a s  compared to  th e  a n t im o n ia l s o ld e r in g  
sy stem s . T h is  does n o t im ply however t h a t  th e  a n t im o n ia l s o ld e r  a l lo y  
shou ld  n o t  be  in v e s t ig a te d  f u r th e r  a s  a  s u b s t i t u t e  s o ld e r  f o r  th e  60/40 
a l lo y .
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